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BEQUEST OF PAVLOV TO THE ACADEMIC 
YOUTH OF HIS COUNTRY* / . 

I TV jlP 

I IT Perfect aa is the i^ipgof a bird, iL never could 

yy HAT can I wish to the youth of my country raise the bird up without rating on auf^ Facts are 
who devote themselves to science ? Q(r of a scientist. Without them you never can 

Firstly, gradualneaa. About this moat important fly. Without them your **thcories** arc vain efforts, 
condition of fruitful scienlific Work / never can But learning, experimenting, observing, try not 


apeak without emotion. 
Gradualness, gradualpcaa 
and gradualness. From 
the every beginning of 
your Work, school your- 
selves to severe gradual- 
ness in the accumulation 
of kf^owledge. 

Learn the ABC of 
science before you try to 
ascend to its summit. 
Never begin the subse- 
quent without mastering 
the preceding. Never 
attempt to screen an in- 
sufficiency of knowledge 
even by the most auda- 
cious surmise and hypo- 
thesis. Howsoever this 
soap-bubble will rejoice 
your eyes by its play it 
inevitably will burst and 
you will have nothing ex- 
cept shame. 


School yourselves to de- 
mureness and patience. 

Learn to inure yourselves to drudgery in science. 
Learn, compare, collect the facta / 
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to stay on the surface of 
the facts. Do not become 
the archivists of facts. 
Try to penetrate to the 
secret of their occurrence, 
persistently search for the 
laws which govern them. 

\ 

Secondly, modesty. 
Newer think that you al- 
ready kf^ow all. However 
highly you arc appraised, 
always have the courage 
to say of yourself — / am 
ignorant. 

Do not allow haughti- 
ness to take you in posses- 
sion. Due to that you will 
be obstinate where it is 
necessary to agree, you 
will refuse useful advice 
and friendly help, you 
will lose the standard of 
objcctioeness . 

Thirdly, passion. Re- 
member that science de- 
mands from a man all his 
life. If you had two lives 
that would be not enough for you. Be passionate 
in your work and your searchings. 


I" We are llurnkful l«> Prof. .\.*V. Hill for i'oiniiiiiiiieatiii)r lo us tlie uLove 
“Bequesl’' of llie unreal Russian Pliysii>l«\iyisl Prof. 1. I*. I'avlov (died 1930) lo llu* 
voung scientists of his couiilrv. We feel that the “IU*(iuesL” is for all liuniaiiitv. 
~-Kd., .y. Of/.] ^ ^ < 
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PROF. HILL ON PRINCIPLES OF ORGANISATION OF 
SCIENTIFIC RESEARCH 


A. \'. HIM/, vSecfclary of the Royal 

Society c)f London, has heon in this country for 
sonic time, havin^• been invited l)v the ('•ovcrnineiit 
of India to advise them about the orj^anisalion r)f 
scieiitilic research in India. At the invitati«m of the 
Indian Science Con.mess he was kiiul eimu.eh to 
deliver on tlie 5th January, i().'t4 before a crowded 
i*atlierinj.v of scientists at Delhi an address <m the 
scieiitilic organisation, oflicial ami uiinTicial, in the 
Tiiited Kiimdom. Tlirou.nh the courtesy of Prof. 
Hill and the autliorities of the Indian Science 
Coimress, we have been enabled t<i reproduce this 
lecture in full in the current issue of the jourJial. 
Comiim from a .ereat scientist ami a .meat investi.eator 
and one who has been Secretary of the Royal Society 
of London for several years and has been in intimate 
ccnitact with every scientific institution and ory:anisa- 
tin in his country, his lecture is full of information 
which ari‘ very badly needed in this country at the 
present moment to clarify our own ideas on these 
points. Ilis o]»inions, which are the result of 
years’ of experience, are therefore entitled to the 
most serious consideration by officials and non- 
officials alike in this country. I^et us tluTefore 
examine the iiriiiciples as enunciated in detail and 
compare them with the c<mditions in this country. 

'riiere will be no difference of opinion about the 
part science is destined to play in the develoi>ment of 
this country duriiiy; the post-war i)eriod provided a 
scheme of development is decided on, hence it is 
extremely neces.sary that scientific reseandi is properly 
or.eanised. Prof. Hill’s lecture therefore comes at an 
opi>ortune moment. 

Prof. Hill maintains that progress of science and 
of its application to public welfare deiiends upon 
four M’s 

MATMHAL, MONF.V, 
MACHINKRY OF ( )R('iANLSATlON 

He confined his remarks to the last item 
possibly because men and money are available in 
plenty in the I’nited Rins'dom. Put is that the case 
in this c*)iintry ? The source of supply of men who 
are capable of doinj» scientific work are the. universi- 
ties, technical institutes, and institutions of university 
rank and »)ther research f)ri*anisations. Not every 
one t)f these can supply the i>roi>er jjersonnel but 
only such as have or.uani.sed Research Schools in pure 
and applied sciences and have taken steps to main- 
tain them on proper scale. Prof. Hill did not say how 
men are trained and secured fi^r this purpose in his 
own country, possibly because that phase of stru«j;le is 


already over there. Hut can that be said of this 
country? Pefore iQif), the Calcutta University, 
ami beftne ig^i, most other universities of India 
had not reco.miised e.stabli.shnient and maintenance of 
research schof)ls as one of their oblij*alions. It is true 
that after the reforms r)f n)2i, nio.st universities have 
tried to organise schools of research, but what has 
been the experience of Indian men of .science as re- 
search workers anil directors of scientific research ? 
Most of the prominent research workers are without 
proper laboratories, i» rants and other amenities which 
alone can enable them to develop the lines of activity 
in which they have specialized. In lM^^iland and else- 
where in the world, research schools have been 
methodically fostered by the award of sumiilinms 
.erants by the State and private ori>anisations to pro- 
fessors who have developed distinct lines of activities 
of their own and ample provision has been made for 
those who receive trainin.i* under them in the form of 
employment in the research institutions and scientific 
services which have sprunj» uj) since the last war. 
Hut all prominent Indian scientists who have tried to 
develop schools of their own have a painful experi- 
ence. It is not becau.se that there has been a lack 
of yoniiK aspirants after scientific distinction. 
The Indian youth has been always attracted 
by the «iamour of research, for knowledge 
and learniiij^ has always been liiiihly i»ri/ed in 
this country, but it has been often his ex])erience 
that after he has spent a number of years on 
.some problem, made substantial contribution to its 
solution and .i»ot his doctorate on the subject, he has 
found it extremely difficult to jj:et any .suitable eni- 
]»loyment and is forced to l ke up a jiost where he 
cannot do any scientific work or develo]) his ideas. 
The preparation staj^e for doctorate is usually one of 
traininj^ in methods of scientific investi.uation 
and hardly enables a scholar to find out the problem 
in which his future life work will lie : further no 
problem, even if found, delivers its secret unless 
one is lon.if at it. The research workers in this 
eountry have not infreiiueiitly to i;ive up his work at 
the most productive part of his life owin.e: to absence 
of any loni> term re.search fellow’ships. Further so 
many research workers have remained unemployed 
or without suitable employment for years that for 
some ■ years past younsmen with brilliant univer- 
sity careers prefer to seek other lines where prospects 
of earlier and more remunerative cniployment exist. 
We cannot afford to isnore this partial dryinji: up 
of the source of supply of trained personnel for 
scientific work, this can only be stopped by ojicning 
more avenues for the emidoyment of the trained re- 



February, 1944 


()R(;anisati()n ok v^cikntific rhskakcii 


search worker aiul by tlie creation nf lonj^ term 
fellowships under distinguished professors. 

The next M is money. We need hardly make 
niiy comment on the insufliciency of monetary .urant 
for research in this country. The universities have 
>iot limited budgets and every professor keen on 
developing his line of research has to wa.eo constant 
war with the university authorities or l^e satisfied with 
the Nirvana of his career, as many ])refer to do, as a 
research worker. Only a small jierceiitaj'e survive 
the struj>j>le. No grants are forth com in;.» from any 
central orj»anisation for research as in the Tnited 
Kin.e:dom, except for applied sciences to a limited 
extent ncir are there any such laiKc scientific founda- 
tions like the Kockfeller and Carnegie in the 1 '. S. A. 
or the Nuflield Trust in the Tiiited Kintidoin. No 
Indian university to our knowled;;e has yet lieen able 
to establish loim' term Kellowshiiis which are needed 
to brin^ out the best in a trained worker. The 
('lovernment .erant on all headini's would not amount 
to more than 50 lakhs and much of it is spent on ad- 
ministration. There should be a sumi>luous >*ranl 
from the Central exche<|uer to the I iniversities for 
researcli under the headin.e rniversities Research 
(Irant, and this should be administered by a body of 
scholars as in the Tnited Kinj*dnni. 

The third and fourth ^Ps are material and 
machinery of orjianisation. Probably by material, 
Prof. Hill means places of research and their efjuip- 
ineiit. It is known to everyone that the existing, mate- 
rial is extremely poor and in spite of years of agita- 
tion, the various national laboratories vital for 
public welfare and development of national resources 
have not seen the li^^ht of the day. 

Machinery of lh\i'anisation. — Prof. Hill main- 
tains that .Liood (h)vernmeTit depends on a proper 
balance ami reaction between individual enterprise 
and initiative on the one part, and State enterprise 
and control *m the other, and this is as true of 
science as of any other held. He has explained how 
this is secured in Kni’laiid, and the method has be- 
i-onie almo.st .slamlardised. bet us see what the methiMl 
is . It will be obvious from a i)erusal of Prof. IlilPs 
lecture that since the last war, all countries follow 
almost the same i)rinciples in si)ite of the apparent 
discrepancies in designation. In every country a 
body of elder scientists like the Royal Society of 
boiidon in TuiKland or the Xational Academy of 
Sciences, Washington V. vS. A. or the Academy of 
Sciences in U. vS. S. R. is entrusted with the task of 
coordinating; the work of independent scientific 
oi'Kanisalions on the one hand, and ('lovernnient c)r;.'a- 
nisations on the other hand, is .e,iven certain 
statutory powers by the (Government and is consulted 
on all matters of policy rcRardiiiK science and its 
application. 


m) 

This body of elder scientists is at the apex of 
the iiyramid of .scientific societies devoted to ]»arti- 
cular subjects, and other learned bodies, and form 
the channel of communication between the (Govern- 
nieiil, and the j;eneral body of scientists represented 
by the.se .societies and learned bodies. Where such 
a body of elder scientists had not previously existed, 
as in the case of {\ S. A., or Japan, it has been 
broui*ht into existence by the order »)f the hij^hest 
dijiiiitary »)f the State and eiulowed with the leiiuisite 
powers (r.je. the National Academy of Sciences, 
Washington, or the Imperial Academy »)f vScieiices, 
Japan) 

In India, within the la^t twenty five years, a 
larj;e number of scientific societies ;iiid academies, 
had lieen formed, and have been funciionine,. In 
their formation, and inanaKement official and non- 
official elements have freely i)arlicip.'iled in a spirit 
of true comradeshi]), ami loyalty t*) the subject. Hut 
such splendid organisations have not yet been 
utilized by the ('lovernment in any of its enteri>rises 
so far, and the machinery of orjianisation s*) far >et 
up completely violates Hill’s principle No. i. A few 
scientists are sometimes called to (h)Vermiient com- 
mittees or councils for advice, but such actions are 
always taken on the jiersonal initiative of the H. M’s 
or their secretaries. 

Secondly, though for administrative and histori- 
cal reasons some »)f the (Government research 
institutions may be under different respjmsible 
Ministers, the tendency in Irn.elaml has been that 
research which applies to more than one de- 
partment is ru'j.’anised outside any department 
and centrally, directly under an imiiortant Minister 
because as Prof. Hill remarks inter-de]»artmental 
boundaries are almost aN impenetrable in I'li.^land 
as elsewhere and this results in lack of co-opeiation 
between the difTeieiit re.search r)^^ani.^ations and 
leads to loss of efficiency and usefulness. In Knj^land 
all the tliree cliief de]iartments of ri'search dealini*; 
with industry, medicine and ajiricultuie are umler 
the central direcli»m f)f the L<»rd President of the 
Council . 

The Lord President, and throii.eh him the 
Cabinet, is kept in active touch with the actual re- 
search work by the instilutiim of a Scientific Advi- 
sory CuunciP’ eonsi^lin.e of six members who are three 
officers of the Royal Society, r/:., the President, 

Thk Wak c'umm-t Si ll•;^Tl^lc .\i»vi.sory c'liMMiTTia-: 

Till" ^'DinniilUi- \\:is :i])i)iiin1r(l in OcIoIht UMO Iiv llie 
I’riim* Minisirr, lln* Inle ^Fr Nexille t'liaiiilterlain as tin* 
bonl Presiili-nt llu* Coiinril, alter i'«Mis,uUali«'n with ihi- 
Ruyal Smiitx. I^onl IIaiilo*v. tilt* Minister wilhiMit I’ort- 
foliii, wah apiMiinteil Chairman nf the CniiimiUtt* wliile 
Prof. W. W. t'. Topley, a distin);rtiisjiei1 fellow the Roy.il 
Sciciely with a eolleaniie from llie Ofllces of Hit* War Cabinet, 
were In serve as Joint Secret.! ries. 
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Secretary, and another, and the three secretaries of 
the Uepartineiit of ScieiitiHc and Industrial Research 
(I). S. I. K.), Medical Research C<iiincil (M.R.C.) 
and the A.ericiiltiiral Rese^arch Council (A.R.C.). 
Tims the proper balance and reaction between indi- 
vidual enterprise and initiative on the one part and 
Stale enterprise and control on the other is main- 
tained. 

When we compare these oi«»anisalions with those 
in India we are at once struck with some fundamental 
differences. Thou.eh we have bf)dies corres|Mnldin^^ to 
D.S.I.R., M.R.C. and A.R.C., they are or.i*anised 
and controlled under «iuile different principles. The 
Chief Irxecutive Officers of the Indian <jr.^:anis:itions 
are very seldom scientific men called from active re- 
search. The Chief Executive Officer of the I.C.A.R. is 
styled Vice-Chairman and the next admini.strative 
officer is styled Secretary ; they have been always 
Civil Servants generally with no pretensions or know- 
led^^e of aj?ricultiiral science. This violates II ill’s 
principle Xo. 4 in a very flaj*ranl way. For 
the I.R.F.A., which corresponds to the M.R.C., the 
constitution is still worse. Here i»ublic health 
service and medical research are lumped together 
while in Kngland they have wisely enough been kept 
in distinct compartments. The Chief Kxecutive 
Officer, of the I..R.F.A., who is the Public Health 
^Commissioner for India has often been a man with- 
out any research experience. The Board of Scientific 
and Industrial Re.search for the first four years of its 
existence had a very curious and cumbrous con.stitu- 
tioii which we hail very often criticised in thc.se , 
columns ; the so-called Director of Scientific and 
Industrial Research was nothing better than a 

TIk* ItTins nf ivfereiu'f of llie Cuniinittre are : 

[a) to .'iilviM* llie Lfird rrcsiilent on any si'ientifu' iiro- 
])riili1eiii n-ferri'd to tlunii; 

(0) to ailviM* ('.ovi'iinnfiit dcpartiiieiits, when so n- 
(|IK'sUmI, (111 iIr* seKvlion (if iiulividnals for p:ir- 
lii iilar liiu's of iii(|uirv or for nieinlKT- 

‘Nliip of ouniiiilti-is oil wliieli iiirii of seieiii-e 
art* rc'(iuir(-il ; 

(r) lo liiiiig to tilt* noliVe of tlif I.,or(l President pm- 
iiiisiiig new scieiililic or lecliiiir.il driidofiiiKMils 
wliidi may he of iiiiportaiii r to the w.ir t-flort. 

The mcmhrrs of the CoiiiniilUf at tlu' tiiiu* of its 
appoininmnl ni n* : 

1. Lord Ifankiy, (LtMJ., (Lt'.M.lL, (Lt'.V.t)., Cli.m- 

ccllor of ihi* Diirliy of Lancaster lL'1i.'iinii;iii). 

2. Sir William K.ILp., Prcsidi-iil of llu* 

Uoyal Society (^iiuv dead), 

.L Dr Iv. V. Appleton, P.R.S., Secnlaiy of the D»‘- 
]i:irtnuMit of Scientific it Indiixlrial Research. 

4. Sir I'idward ^^tdIflnhy, K.C.IL, P.R.S., Secretary 
of the .\griciilliir;d Research Council. 

r>. Sir Pdwin lUiller, C.M.tL, lM;t.S., Secrct.iry of the 
.Medical Research Council. 

fi. Prof. A. V. Hill, O.ILIC., P.R.S., ^I.P., Secretary 
and I'ciilerloii Rc.'.earcli Professor of the Roval 
Society. 

7. Prof. .\. C. C. Pgertoii, I'.R.S., Secrelarx of the 
Roy.il Society and Professor of Cheinicar Techno- 
logy ill the InijH'rial College of Science and 
Tecliiiology. 


Technical Adviser and no executive action could be 
taken unless files pas.scd through a ma7.e of secretarial 
channels in charge of over- worked, and otherwise 
cmidoyed sueretaries. These constitutions* which 
were evolved by Civil Servants in the Secretariat and 
the Hon’ble Members of the Government of India 
most of whom had no knowledge of scientific organi- 
sations of other countries and certainly had never 
been apiirecialive of the si>iril of science, were ex- 
tremely comi»licated hut they had one object in view, 
that is, “Do not Irii.st the scientific men with any 
real administrative iiower.’* Further tlie three depart- 
ments are under three different members of the 
X'iccrov’s Cabinet, and nio.st of the scientific services 
are dislrihuted through different portfolios under the 
present arrangement, and there is no central direction 
or coordination as demanded by Hill’s principle Xo. 2. 

Further our experience has been that though the 
Ilon’hle .Members and secretaries can hardly find 
time to give serious attention to the work of the 
scientific research departments under their care, they 
are hardly prepared lo part with power. t Sir J. 
C. Ghosh referred to the wish of bord Reading as 
Viceroy to set up something like a Planning Com- 
mittee ; and such wishes have been expressed by 
many Honourable Members past and present .... 
and politicians and widely advertized and glibly 
talked about. The levity of these talks show that 
few realize the immensity of the task. Thousands 
of experts have to he mobilized if the thing is 
to materialize, and their labours have to he 
collated, but ‘inler-dci>artniental boundaries are 
impenetrable’ to (|Uole Prof. Hill, and there can be 
no co-ordination or efficiency under the i»resent 
arrangement. If probably the i»rinciple he accepted 
that every subject should have a section on Research, 
and another on vServicc and Devcloimieiit, and the 
latter ones were distrilmtcd under different port- 
folios, while Research was placed under one Minister 
of the Calniiet rank, the organisiition for Xational 
Planning would take a shape from which some real 
work can he expected. 

As we nave very often remarked, science is one 
and the s;ime all over the world and if .scientific re- 
search is to ])ear any fruit, its organisation and direc- 
tion must he guided by the iwineiifies which have been 
formulated in such clear terms )>>’ Prof. Hill. We 
believe that the Xational Institute of Sciences of 
India which is the premier body of senior Indian 
scientists has given the right lead lo the country by 
passing the resolutions for the creation of a Xational 
Research Council. If they are properly implemented 

* Sir Wnlter ldi-ti4ier was rimsiilled wlien the eoiislrnc- 
tidii of tin: I. R. h'. .A. was fraiiitMl, hut it is certain tli.il 
his ailviec was not followed. 

t It is reported lo have been nnieiuled in recent 
years.— Sc. <V Cut. 
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they will be found to satisfy all the principles 
enunciated by Hill. These resolutions as aniended 
in the Delhi inectiiiK are now (pioted below : — 

(1) That it is necessary to establish at an early dale a 
National Researcli Cotincil of India iiinler the statutory 
authority of the (ioverninent of India. 

(2) The purpose of the National Researcli Council shall he 
(a) to [dan and watch over the main lines of researcli 

and technical ilevelopnienls in accordance with 
national needs to sec that the application of 
science, to the public welfare is adjusteil to some 
t consistent plan, to advise the (.iovernnieiil on a 

common policy and to ensure llial available re- 
sources for research and develo])meiits arc dis- 
tributed to the Ijcst advanta>»e of the country, 
((>) to advise and help relevant authorities and 
Institutions rej.;ardin^ the traininj' and supply 
of scieiititic' personnel for pure and applied 
re-.earch, and 

{c) to distrihiitc j;rants for proinotiiijL; approved re- 
searches, for the maintenance of selrcted re- 
search scholars, for scienlitic piiblicatioii aiiid 
(»lher purposes. 

Tlic President of the National Research Council shall he 
a nuuil)er of the Viceroy’s Cahiiiet. 

P'or the performance of its funrlions, the Naliiaial 
Research Council shall, in coiisiiUatioii with noii-ollicial 
scientilie orj^aiiisa lions, rnivirsities and Institutions nf a 
rniversily rank, Seientille Departmeiils nf the (lOviTiiment 
anil l-ederalioiis of Chambers of Commerce, cojistitiite the 
follow in,!' Hoards of Rc'^oareh, each of wlii<*h will he res- 
ponsible within its own jKirtiiailar sphere for ]u:ivin.u effect 
In the polic\ of the National Reseanh Cniiiieil. 

(/) Hoard of Scieiitilu Research (Mathematics, Sl.ilis- 
tics, Physics, Chemistry, llotaiiy, i<onl.i!»\, 
(Jeolnuy, (‘ieo,i'ra])Iiy, PsychoInj»y, itc*.). 

(//) Hoard of .Xi'riciilUir.'d ReseaK li (soils, imps, 
anim.d hushandry, tisherv ami ftiieslryl. 

(Hi) Hoanl of ^leilical and Public Health Rescaich in- 
cliuliiiL' Medical Seieiiee. 

(iv) Ho.'ird of ICTi,i»ineeiinj' Research incliidin,^ Minin,*;, 
Melalhiruy and such otlier Hoanis as may lie 
tMiisiileicd In he necessary. 

I'nr ihe purpose of Its work each Hoard will he culhn- 
riscil to coiistilule Reseanh Committees for all important 


subjects, to settle the oh,iccts of the resi-arcli, indicate the 
individuals or organisations wliicU couhl undertake lie. 
several coinixment parts of the empiiry, reieive and co- 
ordinate tile information, make it available to those wlu> 
will turn it to advantage to form n.itional plan into which 
all who are in posilkm to conlrihiite information can lit tlu* 
particular lines on research. Ooveriiiiig hcKlies of the 
National Research hahoralories when established shall he 
constituted in coiisiillalion with the relevant reseanh 
com mil tees. 

The National Research Council shall work in cI«j 
operation with the developiiu-ni organisations ii the 
count rv. 

lo enable ' effect Iwing given to ihe poliey of scieiitilic 
development determineil hv the National Research Council 
the (h)veriimcnt should make an aiimial gnnu of at least 
5 crtjres of rujiees. 

Let US hope thill lliL* (lOvtTiiincnt of India will 
see their way to give efTecl to these resolutions, and 
in doing so, will be guided by llie iniueiides enun- 
ciated by Prof. Hill. vSoine erilies have invited onr 
atleiithni to the following passage in the speech 
“Indeed, if I may say so, it is for you, the indepen- 
dent scientific people of India, to gel ti>gether and 
ask clearly with a single voice for what yon tliink is 
recpiircd.’* They Itnve iM)iiited (»nl that the plirase 
may ])e interpreted by ollicial cpiarlers in an ‘Aniery- 
ian-cum- Halifax* sense. Ihil we believe that 
that was not Prof. HilPs intention. He has 
applied lhernu)dynamics to the human system, 
and is well-aware of tlie fundamental maxim 
of thermodynamics “lliat it is impossible lo 
ooiiveiT the whole of Ileal eiiergv lo orderetl 
work, unless yon reach the absolute /ero of 
lemperalniv and that absolute /im is llieoretieally 
inif^ossiblc to attain.’* Tlie 'N/ug/, I’c/Vc’ is im- 
pcissible to attain in any ctmnlrv «)f the world, in- 
cluding tile rniUd Kingdom, l»nt there cannot be 
llie sli.ghtest iloiild that the assembly of .scientists 
who passed the resolnlitnis on the formation of the 
Xaticmal Research Council was as near ‘Single X'oice*^ 
as could be atlaiiied in any c«)Uiitr\ «)f the world. 
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UNOFFICIAL, IN THE UNITED KINGDOM^ 

A. V. TIITJ/, 
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Tiik Man of Scikncis 

jyjAV I iiilrodiicc this lecture by a word of ‘•recTiiii* 
from Hritisli scientific people to their Indian 
colleagues ; and ihen a word of comment on lx>th 
of us. We scientists are a peculiar lot. before the 
last war people used to think we were a bit mad — 
we were interested in such funny things and for such 
funny reasons and some professors (not all of ihoni) 
had long hair and beards, wore strong spectacles, 
looked like nothini; on earth and were (luilc in- 
exiierieticed in the ordinary affairs of life. The last 
war produced a change in this idea of us, and we 
became magicians. The scientists were found to be 
able to do all kinds of things that other peojde 
couldn’t and the public and its leaders (who jwefer 
to believe in magic anyhow) went to the op|M).site 
extreme and supposed that science could do every- 
thing. The result was that all sorts of (piacks and 
frauds and magic mongeis got going and tried to 
put it across in the name of science, between the 
wars the position tended to revert though not com- 
pletely : and in the present war the public has 
realised once again the extreme importance of scien- 
tific knowledge and scientific research to the t'om- 
niunity. 

The altitude, however, t)f some administrators 
still is that although science may get th'*ni out of a 
hole when things go uroiig, scientists as. a whole 
arc a funny lot, that science should be, as the .saying 
is, “on taj) and not on top’*. Scientists are still paid 
Cfinsiderably less than admini.stralors of equal or less 
ability and standing. Our claim is not yet admitted 
that we ought to be regarded as ecjual partners with 
other people of similar expert knowledge in deciding 
policy. We are getting on, however. W'e are 
usually rather i)oor and don’t much mind provided 
we are allowed to do our work ; on the whole, we 
don’t much care about imblic honours and awards ; 
most of us hate looking important or l)eing called 
Sir by our younger colleagues ; we don’t generally 
believe what we are told ; we know that things 
aren’t usually what they seem ; we’re fairly careful 

* Popular Icrlnre to the liidinn SiMeiiee Congress on 
Wediu-sday llu* Sih of Jiiiiiiarv UM-l. Tlie. odilors exprrss 
lluir tli.'iiiks to Pn»f. .\. V. Hill and tliu aiithoritie'i of the 
Tiidiaii Scieiire Congress f«ir i)t*rinission to ])ublisli this 
artii’le. 


what we say ; and we’re generally honest.* lii .sidle 
of these disadvantages, however, we have much more 
influence in the end than is commonly supposed ; 
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and the public is realising and the politicians will 
realise in time that science and scientists mu.st really 
be taken rather .serioii.sly in the modern State. 

J{tiiic.s of Sciknck 

Probably that process has gone further in 
Kngland than in India, but 1 cxjiect the trend here 
is very niiich the .same. vScience is on the rising tide 
of its fortunes, or at least of public appreciation, 
here as there. It is very important, therefore, that 
we should work together on comiiKm problems and 
adopt a common ethical standard of what a scientist 
should or should not do. The oldest science of all- 

• "Is honesty a disa«lvaiilagc ?" This admission may 
sound (jueer, coming from a scieiilisl of Prof. Hill’s eminence 
but this is also the experience of many of ns.— Kn., Sc. & Cnl. 
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except perhaps astronomy — is medicine, and fo;* 
tlionsaiids of years, medicine lias everywlierc* adopted 
a hiKh ethical standard for its practitioners. There 
is a universal brotherhood of medical people, of 
medical ethics, of medical thought and medical 
])ractice. Tliis brotherhood must be reco«nise<l also 
for us scientists. Our interests are common, our 
needs are common, the services we can render to our 
fellow men are common and the ethical standards of 
our behaviour as scientists should lx? common too. 
Fceliiiy: all this very strongly I have for many years 
been concerned -both inside and outside iny labora- 
tory with the international aspects f)f science. This 
fcelinj^, this conviction that science is a common 
interest of humanity, has led one into many iuterest- 
in^^ places and situations — and somoliines I admit 
into disputes, for example, with Nazis, Fascists and 
Anti-Semites. It has led me now to one of the most 
intercstinj* situations of all and T am j^ratefnl t<» the 
fate and the friends that have broll^ 4 hl me to a 
country so rich in possibilities, both of the improve- 
ment of scientific kiiowledj’e and of the application 
of science lo public welfare. 

We are all in tin’s business together. We can 
all help each other by om* experience, onr special 
knowlodjue and talents and tlie special restnirces at 
onr disj)Osal. If we in Britain are able to lieh» you 
more at the moment, we know very well that the 
traffic is already — and will incrcasini;ly be- both 
ways. To take a siniL^lc e-\aniplc, your knowled.ue 
and experience will have a very special apidicalion 
to the problems of «nir colonial territories. ^lore- 
over, in what is sometimes called pure science each 
kind of people* has a special contrilmlion lo make. 
The lon.^ artistic and spiritual tradition of India is 
bound lo j^ive a particular bias and direction lo yours. 
That bias will not be «;ivcn to the facts themselves 
as determined by experiment : they are Nature’s 
own rei)ly lo our (jucstions. The bias will be to the 
planninj* of the experiiiieiils and the inter] iretation 
of the resnlls. In science, there is room for all kinds, 
for ])ractical men and dreamers alike ; i)rovided that 
we reco];nize always the common >> round of the 
appeal to Nature by experiment, providcfl that we 
aftree that honesty, frankness, forbearance am! a 
collaborative s])irit are the sine qua non of all pro- 
v:rcss. 

Four esskntixf. if«)K success nv okoam.sep 

vSciENTI EIC KESKA RCU 

^Ikn, :\Ioney, AIaterial, .M.xchi.nkrv 
(op Oroanisation) 

The progress of science and of its apidicatioii to 
public welfare depends upon four M’s, ^len, ^loney, 
Material and ^lachincry of Organisation. They are 
eiiually important and the sui)ply of each of them 


is bound up with all the others. It is abDiil the last 
of these, the machinery of organisation in the I'nitcil 
Kingdom, that T am to speak today. I hope it may 
be of value b) you in planning your own organisa- 
tion to have the family tree, as one may call it, 
of ours set out in a diagram. I am very grateful to 
Sir S. S. Bhatnagar, Director of vScieuliiic and Indus- 
trial Research, for the hel]) of his Dopaiiiiieiil in 
gelling it ])re])ared. It is by no means coin]>letc and 
it may not be in all rcsi»ects <|iiile accurate. It is 
still growing and changes occur in it from month to 
moiilli. Oil the whole, luiwever, it gives a inetly 
good idea of the situation. 

In looking at it voii must bear in mind the fact 
that it evolved and grew, iiMiiilly wiUionl inncli 
idauning beforehand. It is, therefore, very compli- 
cated like all living things. Fvery biologist knows 
that in living nrgiinisms much is Iheie fcir historical 
reasons. If an animal f)r a plant were to be deli- 
berately planned beforeliand it would pnibably be 
very diflerent. Onr system as yon sei* is very com- 
plicated and you would be wise in planning yours 
to aim at somelliing .simpler. On llie olherliand onr 
system works, and works now pretty well, thoiigli 
it could really be ini[»roved a g(»od deal yet. It 
works at the moment i>artly l)ecanse of lliu very liigli 
<piality of tile men temporarily engaged in it during 
(lie war who for tlie most j»art will not remain in 
the ofiicial side of it afterwards. It works also 
because it embodies certain fimdamenlal ])rineiples 
whicli 1 will descril)e. Voii would be wise to eni]>lia- 
sise those i>rincii)les in planning your own organisa- 
tion. If yon do, and if yon can devise stmietliiiig 
less c(uiiplicaled than ours and something which will 
work even when men of the highest scientific (piality 
are lo a large e.xtent empl«)yed outside the official 
part of it, you should be able lo make somelliing 
which will be of the greatest value in the develop- 
ments both of pure science, and of that application 
of science lo im]>lic welfare which your coiinlrv so 
greatly needs. 

Cu-()I*KRATlO.\ METWKKN THE OPPICIAl. AM) THE 

Non-oppiciai. 

Vou will see that I have arranged onr organisa- 
tion in two layers: official and unofficial. In the 
I’nited Kingdf)m we have a largo number of old and 
well established inslilntions, often ]>owerfnl, some- 
times wealthy and generally highly respected, which 
are entirely independent of the (lovernnient. .My 
Sf)cia1ist friends call me a Tory — my Tory friends 
call me a Socialist in fact I have only one political 
principle that 1 am aware of,^r/,5., l/ial good ('.ovini- 
wcnl depends on a proper balance and reaefion 
hrhceen individual enterprise and initiative on the 
one part and Stale enterprise and control on the 
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other. Where the balancb lies at any moment is a 
matter for discussion, compromise and agreement: 
but it is tlic greatest and most disastrous folly to 
suppose that there is a fundamental antagonism 
between the two parts. The wisdom and public 
spirit of private citizens, individually and collec- 
tively through their private organisations, must act 
and react by friendly advice and helpful criticism 
with the wisdom and public spirit of officials, indi- 
vidually and collectively through their Oovernmefat 
machinery. That is the age-long tradition of the 
British political and social system and 1 think it is 
go^. There is a tendency always of course for 
private citizens to be unwise and selfish, for officials 
to be pig-headed and unreasonably obsessed with 
their own machinery and importance. If that be- 
came general our system would break down. It 
works because there arc sufficient jicoplc on IxUh 
sides who believe in friendly give-and-take between 
free individuals and their free institutions on the 
one i)art and the organised machinery of the State 
on the other. 

The Position ok R<;yai. S<x:tuty ok Lonikin 
This is as true of science as of any other field 
of human activity and we are fortunate in the United 
Kingdom in having a great number of i)rivate organi- 
sations, i)owerful and well established, representing 
collective scientific wisdom and effort outside the 
Clovernment system. Of all these, on the purely 
scientific and technical side, the Royal Society 
founded 281 years ago (1663) is the elder brother 
and example : there are learned societies of all kinds 
and engineering and professional institutions. On 
the educational side there are the old established 
“public schools**, going back .some of them for many 
centuries, and the older universities. On the medical 
side there are the Royal Colleges of Physicians and 
Surgeons, the voluntary hospitals and more 
recently founded institutions such as the British 
Medical Association and the Royal Society of 
Medicine. To this set of old ami well-esta- 
blished bodies, with their long tradition of in- 
dependent enteri»rise and existence, many new 
ones are always being, added more or less on 
the same model ; the newer universities, the newer 
schools etc. Many of these -though not all— uow-a- 
days arc receiving substantial State support : but 
nearly always when this is done a buffer of sdtm' 
kind is interposed to prevent Government support 
from becoming Government control. For example 
the universities receive a substantial Government 
grant from the Treasury and will have to receive a 
much greater one if they are to carry on effectively : 
but the University Grants Committee, a body of 
independent scholars and scientists advising the 
Treasury, sees that the distribution of that money 
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does not mean that the universities will lose their 
own characteristic freedom and independence. An 
extreme example is seen in the case of the National 
Physical Laboratory. Founded initially under the 
influence of the Royal Society (1901) it was later 
taken over and is now financed almost entirely by the 
department of Scientific and Industrial Research. 
Yet the Royal Society still appoints the Executive 
Coniiiiittee which controls and guides the work of 
the N. P. L., and appoints and dismisses the staff, 
all except the Director himself who is appointed by 
the Lord Pre.sident of the Council in consultation 
with the Royal Society. 

The War Cabinet Scikntikic Advisory Committee 

This influence goes to a very high level. The 
War Cabinet Scientific Advisory Committee (esld. 
1039) consists, as to half its membership of the llireo 
principal officers of the Royal Society and reports 
directly to the Lord President of the Council who 
is himself a member of the War Cabinet. It advises 
the Government on matters of general scientific 
liolicy and on special appointments. The Councils 
of the three Research Departments (D.S.I.R., M.R.C. 
and A.R.C.) who direct their work consist in the 
main of independent scientific people apiiointed from 
outside Goveniinent circles after consultation with 
the President of the Royal Society. The many lines 
of connection given in the diagram show how inti- 
mate is the reaction between science and its applica- 
tions under the Government, on the one side, and 
science and ai>plicd science in organisations entirely 
independent of the Government •on the other. 

The Fiust Princikmi of Oroanisation 

The first principle of successful scientific organi- 
sation are : • - 

(1) That there should be a number- of large 
powerful and well organised institutions re.’ 
presenting the collective opinion and know- 
ledge of scientific and technical people as 
a whole. 

(2) That there should he a frank, jiiendly and 
welcome collaboration of these institutions 
and their members in the scientific activities 
of the Government. 

• (3) That there should be the support when 
ncce.s.sary, but not the control, of a good 
many of these institutions by the Govern- 
ment. 

The SKcx)Nr^ PRiNciPi.K ; Centrai. Direction 
OF Research 

The second principle is the existence of a central 
.scientific organisation outside- any ordinary depart- 
ment of the Government directly under an important 
Minister. 
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This ill itself is not enough— there must be 
scientific work going on in every Government 
dciiartnicnt to which it applies : but it is also essen- 
tial that research which applies to more than one 
department should be organised outside any one 
department and centrally : interdepartmental boun- 
daries are almost impenetrable in the I'nitcd Kingdom 
as elsewhere. The organisation under the Lord 
President of the Council represents this principle 
in a form which could scarcely be bettered. There 
are three separate Ixidies under the Lord President: 
the Dci>artment of Scientific and Industrial Research 
(D.vS.I.R.), the Medical Research Council (M.R.C.) 
and the Agricultural Research Council (A.R.C.). 

Tiik Mkdicak Resrarcii Councii. (M.R.C.) 

The M. R. C. was founded in 1914, and its first 
Secretary was a very distinguished scientific man, 
the well known physiologist Walter Fletcher, who 
obtained from the very start a clear admission of his 
claim that the Council should lie authorised to engage 
in and sui^iort any research directed towards the 
main object of the Council, however unlikely it 
seemed to produce immediate practical results. This 
wise policy has been entirely justified by results. 
The Council has w’orked mainly by the encourage- 
inent and supiiort of research, in medicine and the 
medical sciences but also of related subjects, in the 
universities and medical .schools of the country : but 
it has encouraged research alst) on trO])ical medicine 
and it has maintained a first cla.ss research laboratory 
at the National Institute for Medical Research. 
Any suggestion that good work cannot be done 
Nvithin the walls of Government laboratories is nega- 
tived by the fact that Sir Henry Dale, now President 
of the Royal Society, was aw’arded the Nobel Prize 
for i»hysiology and medicine for work done over 
many years in that Institute. Its workers are re- 
gularly interchanged with workers in universities 
and elsew'herc and its w'holc conduct is similar to 
that of a research iiislitutiou in a university. Indeed 
it is recogni.sed by the University of London as a 
School of the University and work in it is recognised 
for higher degrees in the University. The activities 
of the Medical Research Council arc guided by a 
Council consi.sting mainly of inde])cndent scientific 
and medical men. 

Tiik Department of Scientific and 
iNinisTRiAi. Research (D.S.I.R.) 

The D.S.I.R. was founded on similar principles 
in iqi6 during the last war, It has grown to be a 
very inii>ortant organisation indeed, the many activi- 
ties of which can best be described by the diagram. 
Its workers also are interchangeable with those else- 
where. Its Council (Scientific Advisory Council) 


similarly consists mainly of indei)endent scien- 
tific men, engineers and industrialists. Its ex- 
pends considerable sums in making maintenance 
grants for students in training for research and for 
encouraging research in universities and elsew'herc 
“of special timeliness and promise*’. Its Secretary 
ranks in pay and status willt the chief secretaries of 
the (iovernment departments— -ihongh he is and will 
always I hope remain a scientific man. Like the 
M.R.C. it is assisted by a large number of Boards 
and Committees of independent experts in various 
subjects. It maintains a large number of statipn.s 
and establishments of its own and a very targe 
scientific staff. Its constitution is very flexible — for 
example when it was desired to establish a liaison 
officer at Ottawa witli the National Research Council 
of Canada, and no other department, not even the 
Dominions Office, could thirtk of any way of doing- 
it, the D.vS.I.R. just sent vSir R. H. Fowler, F.R.S., 
famous mathematical physicist, there io represent us. 
That flexibility conies from being outside any ordi- 
nary department with its rigid rules and red tape, 
and also from the facts (i) that its vSecrctary has the 
same status gs the chief permanent officers of the 
other departments and (2) that his Minister is of high 
rank in the ministerial hierarchy, but not the head of 
an ordinary Department. 

One of. its most important activities is the Indus- 
trial Research Associations which are joint concerns 
w'ith organised industry. 

The Aoricuuturai, Research Councii. (A.R.C.) 

The A.R.C. was founded later than the other 
two with a constitution and function similar to tliosc 
of the M.R.C. Recently to complement its activities 
an Agricultural Improvement Council has been esta- 
blished in the Ministry of Agriculture. This is in- 
tended to take the results of research obtained by 
the A. R, C. and other bodies and to apply them to 
the i)ractical problems of agriculture. The Agricul- 
tural Improvement Council promises to exercise an 
an important influence in bringing the results of re- 
search to practical fruition. 

These tiiree Research Councils, by their indepen- 
dence and the relative aksence of departmental res- 
trictions and red tai)e, set a standard and example 
to research under Government wdiich is most valu- 
able, and we are fortunate indeed in the United 
Kingdom that so satisfactory an arrangement has 
been evolved. Its success, how'cver, is not- due only 
to the machinery and organisation — men are just as 
important as any -it is due largely to tw’o facts which 
I will exalt to my third and fourth principles. 

The Third Principee of Organisation 

The third principle is that every scientific orga- 
nisation should be watched over, advised and guided 
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or controlled by a Council, Commiliee or panel 
largely consisting oj independent scientific men. 

This has l>vo results, first that all its work is 
kept in touch with outside scientific ideas and criti- 
cism, second that its workers arc not slmt off from 
the outside world, but feel that they and their in- 
terests arc being looked after sympathetically by 
scientific colleagues, not by pure administrators. 
This principle is foi^id at work in a good many other 
parts of our organisation, as can be seen in the 
diagram. A f)owcrful advisory committee with an 
active chairman is the surest way of preventing a 
Government organisation from becoming sticky, 
sleepy and incompetent. In some parts of the 
diagram — I will not si)ecify too closely — you can see 
organisations, which hitherto have resisted this prin- 
ciplc : by reason of vested interest, fear of Ijciiig 
shown uj) for incompetence, undue obsession alxiut 
secrecy, etc. The weakness of some of these organi- 
sations was more obvious ‘in peacetime and the 
earlier years of the war than it is now, when a lot 
of fresh bkxxl and a nutiiber of first class people have 
been introduced from outside. When, however, 
conditions revert to those of peace, most of these 
good people will withdraw to their previous jobs and 
it will be necessary to continue the fight to get some 
measure of independent criticism and control on the 
inside of these water-tight compartments. 

'i'jTii Fourth Principlh 

The fourth principle is that the head of every 
scientific organisation should himself be a good 
scientist, not purely an administrator. 

This means, 1 know, that a good research worker 
is going to be sacrificed, or at least largely removed 
from his research : I am sorry for him : but the net 
gain is very great. 

The ordinary civil servant, like the ordi- 
nary politician, is unfortunately nearly always 
quite ignorant of scientific matters, and to put 
him in charge directly of a research organisation 
is to stultify the whole thing. Tt is quite untrue that 
a good .scientist is likely to be lc.ss competent than 
any other intelligent, educated man at admini.stra- 
tion. Some able scientists it is true arc incompetent 
at such things— but so for that matter are some pro- 
fe^ional administrators: some scientists, however, 
are as competent as anyone else at administration and 
some of the.se must be sacrified to administration for 
the good of the rest. Perhaps the fairest and wisest 
thing might be to appoint the heads of scientific 
organisations for a limited period only, arranging for 
them to return to university or research jobs of their 
osvn after a few years: thus preventing them from 


becoming —whether they like it or not- -bureaucrats. 
This would give them the inducement, all the time 
they are in office, of keeping personal touch with 
real scientific work against the time when they re- 
turn to it. Having spent nearly five years now, 
against my will, far away from my 9 wn laboratory, 

1 know the home-sickness which is. produced by 
visiting someone clsc*s. It is a good thing that those 
who arc trying to organise scientific research for 
others should remain homesick for their own, and 
look forward to returning to it. What is quite cer- 
tain is that people who prefer to sit in offices should 
not l>e alloweil to organise the scientific work of 
others ! 

Thk Fimi Principi.k 

The fifth principle is that of interchange of 
.scientific persons between universities, Government 
laboratories, industrial and research laboratories and 
research institutions and enterprises of all kinds. 

It is a very good thing for people in universities, 
who are ui>t to he a bit high-browed in their attitude, 
lo learn, for example, what excellent work and of 
what high intellectual quality is done in Government 
lalHiratories or industry and be made to find out 
something about it. It is a very good thing for 
IKJople in the Government service or industry to learn 
something at first hand about the latest develop- 
ineiits of their science and to ’be in touch with young 
students during their years of training. It is a good 
thing for stuilents lo be taught by people, who are 
in touch with the practical problems of the real 
world. 'I'he first condition of interchangeability is 
a common pension system so that no pension rights 
are lost in going from one service to another. That 
to a large extent we already liave in Kngland. The 
other condition is that the need of fresh air and a 
change of inentnl diet should be recogni.seil explicitly 
in all the different .scientific services, so that a young 
man or indeed an older one does not lose by applying 
to change his job for something more suitable, or to 
him more interesting. We arc trying in the United 
Kingdom to ensure that the principle of interchange- 
ability of .scientific personnel is as widely recogni.sed 
as possible. 

These then are the principles which I should 
apply in any scientific organisation anywhere. I will 
illustrate them by referring to the various depart- 
ments in the diagram. You will sec the complexity, 
the uimecessary complexity as I think, of our scienti- 
fic set-up ; but you will see also how it has been 
made to work by insisting, so far as vested interests 
and departmental proprieties allow, on the principles 
I have recounted. If yon can apply the principles in 
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India and avoid the complexities you will have done 
well. 

At present, if t may make a single comment on 
your system in India, as shown in the other diagrams, 
you arc avoiding some of the complexities but you 
are not yet applying— perhaps you have not yet the 
means to apply— the principles. The latter may not 
l)C easy for you but it will happen all right in the 


said of course that I was. doing it all for my own 
private ends— though wkat those ends were they did 
not clearly specify. 

Sometimes I have felt pretty bad about if all 
and once made a new beatitude,. ''Blessed is he who 
remains innocently in his laboratory and grumbles ; 
for it is a thankless task trying to put things right". 
But things do get right in the end if one goes on 
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Olid. It means the creation of a much stronger 
scientific public opinion, the building up of much 
stronger and more representative institutions of 
scientific men ; it means inserting science into the 
machinery of Government at a much higher level 
than at present. But all this you can and you will 
do. Don't forget that we too have had our struggles 
in ('rrcat Britain, for instance, I have had to make 
myself very unpopular now and- then by private and 
sometimes by public criticism of the scientific set-up 
ill various departments. 

Prof. Hrix, as Puwjc Enemy No, I 

Indeed in one department, where certain things 
were badly wrong and needed urgently to be recti- 
fied, it took years of hard work, in private and in 
public, before things were put right. In that depart- 
ment I was regarded as public enemy No. I and they 


trying ; and / am convinced myself lhat the Govern- 
ment of India is sincerely anxious to do its best for 
science and its many applications to the public wel- 
fare. If they had wanted someone to say that every- 
thing was beautiful already in the garden they cer- 
tainly would have invited somebody else to come and 
advise thern , not one who has had to make him- 
self a public nuisance for several years in England in 
trying to get a scientific move-on. Indeed, if I may 
.say so, it is for you, the independent scientific people 
of India, to get together and ask clearly with a 
single voice for what you think is required. Your 
TO-operalion, your advice, your constructive criticism, 
individual and collective through your scientific 
organi.^tions, i.s what is Wanted ; and if you give that 
collective advice clearly and sincerely and co-opera- 
tively , I honestly believe that you will succeed in 
bringing into existence the kind of national scientific 
machinery which your country needs. 
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Note to Prof Hiu/vS Lhcture 

For the convenience of our readers, we are 
adding the following notes to Prof. HilPs Lectures 
particularly for explaining the diagrams. These notes 
iiave been prepared by our own staff, and for any 
'omissions or inaccuracies, we arc solely responsible. 
They have been mostly collected from Nature and 
other British scientific journals. 

The British organisation can be roughly divided 
into three sections.' The left part deals with the 
scientific services under the different departments. 
'J'hese are distributed under the different ministries, 
and have in recent years been linked to active research 
by the institutions of bodies of scientific advisers. 
The central part deals with pure peace-time research 
departments under the Lord President of the Council. 
Their activities have enormously increased during the 
War, and the cross linkages .sliow how results of their 
activities arc made available to services and to war- 
effort. The right hand .section deals uith the depart- 
ments directly concerned in the war-effort. Some 
of these departments date from old times, otliers are 
new, and all have undergone considerable expansion 
during the current war, and the cross linkages show 
how their activities have been vitalized by active 
research. 

The Indian organisation for research is shown 
separately. We have taken it from the handbook of 
Delhi prepared by the local CoiiimiUce of the Indian 
Science Congress. 

The fundamental diiTerence between the British 
and Indian systems will be at once apparent. At the 
head of the British organisation stand *The Parlia- 
ment*, i.e., the people of Britain. At the head of 
Indian organisation, is H. E. the Viceroy, and the 
H. M.*s and steps have not yet been taken that they 
should represent the people of India. The other 
grave defects of the Indian organisations have l>ecn 
pointed out in our editorial. 

APPI^NDIX 

C0I,0NIAI. RKSKAKCir AM3 DlvVIil/ll'Ml-NT 

It is ouly ill recent yesirs that Greal Hriiaiii has given 
serious thought and cpiisiderntioii to the question of colonial 
research and developnicnt. Up to uhoiit the eighties of the 
last century, British Colonies comprised niainly CeA'loii and 
a small part of Malaya in the eastern lieiiii sphere, a utiinb^r 
of trading settlements on the coasts of Africa, and in the 
western hemisphere, the old British possessions in the 
West Indies. Since then parts of Borneo, an extended area 
in Malaya, some of the Soiuheni I'acilic Islands and a vast 
area in Africa, eqiml to British India have been added to 
the British Colonial Knipire. 

British colonial policy was guiijctl in the past mainly by 
political considerations where there was hardly any nxiiii 
for such thought as the promotion of the scx'ial welfare, 
the health and the sLundards of life of the colonial pefjple. 
The recognition of the obligation and responsibilities on 
the part of the parent country towards its colonies, in the 


iiMlter of social, cultural, eCDiioinic and iudnstrial dcvclop- 
inciil is, however, only «»f recent origin and has taken 
pl.ace through several successive stagt‘s. In confi»rTnit> to 
this new outlook, first stiqis were taketi towards making the 
ctiliiiiics self-supporting. The Colonial Develojiniciit I'liiid 
was instituted in 192i> !«> give practical slinpe to this ide.i. 
The I'uud was authorised to spend the inaxiininii sum of 
.^1,000,000 on developnient work. 'I'he principle, then ])ur- 
sned when the t'oloiiial Developnient bund was created, w.is 
that a colony should have only those services which it can 
afford to maintain f.ut of its own resources, and accordingly 
development was confined within the limits of the internal 
finances of each territory. 

This was, however, a narrow oiilluok in the provision 
fur colonial development. It was siilisequeiitly realised that 
in many cases colonies cannot, liowever, citicieiit their 
econoinic administration, finance out of their own resources 
the research and survey work, the schemes of major capital 
eiiterprise, and the expansion of administrative and techni- 
cal staffs which are neressary for their full and vigorous 
development. This led to the formation of the \Vi>t Indies 
Roj’al Commission under the Chairiiinnship of J,ord Moyne 
in 19.18. The present liheral and broad-hased policy of 
ixiloiiinl research and development is largely the oiucome 
of the recommeiidatioii of tin's Royal Coiiiiiiission. Accord- 
ing to the reconiiiieiidalions of the Coniniission, the Colonial 
Development Fund which was previous limited to .^IW.OOO 
a year has now Ijcen replaced hv a greater sum amrutnliiig 
to the maximum of /;5,000,(K)0 a year for ten years. This 
will l)c available not only for .siliemes involving capil.il 
ex^icnditure for colonial developnient, but also for helping 
to meet recurrent expenditure on certain services, such .is 
agriculture, education, health ami housing. 

Along with the expaii.Moii of the Development i-iiiid, 
special provision has been made for research, following the 
proposals of Ivord ffailey in his famous 'African Survey’. 
Hitherto, expenditure on various forni.«i of colonial research 
received assislaiicc from the Colonial Development l-'iind 
and the Coloni.d Office useil to call upon the assistance of 
scicntilic and technical experts in dealing with colonial 
problems. 'I'lie' colonial oiUcc also set up a number of 
advisory cimnnittees consisting of e.xi)crts, nu*nilK.rs of 
Farliaiiiciit and men with long colonial experience to advise 
cm lhe.se proldeins. To place Colonial Resarch and Develop- 
iiiejit oil a permanent basis the Culonial Research Ailvisory 
Committee, with I«ord Hailey as its Chairman, was set up 
ill 1940 and a separate sum of j(,500,000 a year was placed 
at its dihixisal to assist in the various fields of research, 
'riiese si>ecial funds mid provisions for colonial lesearch 
ami development were provided by tlie Colmiial Dcvelnii- 
nieiit and Welfare Art passed in 1940. 

Filially a brief reference may 1 h* made to I be varied 
c.>loniul proliluiiis in wliicli research and iiive.sligntions arc 
iiiiparative. The demographic infornialion requires to !)e 
placed on a more .satisfactory ba.sis. There is now lack of 
vital statistics coiiceriiiiig il,e total population of colonies 
and as such these should be established. There should be 
considerable extension of kind survey, with special refer- 
ence to geodetic triangulation, (leoiogical survey should 
also lake place on a vaster .scale. There is at present great 
need for nutrition survey in the colonies to ascertain the 
ifietary reqiiirenieiiU of the different colonial peoples with 
wide variation of sixmbI habits and pecularities. In the field 
of Health and Medical survey the scope of re.search is, in 
fact, unlimited. Above all, there i.s now great' need ' for 
intensive aiithroixilogical and socialogical studies of the 
colonial people. Without a proper understanding of the 
culture, traditions and babits of tliese people which these 
studies ca^ alone make available, no wiirkablc developnient 
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prcigrninnic can he forinnlaled and any that may lie devised 
in disregard of them is destined to he a failure. 

DKPAKTMKNT ok SClKNTIKIi: ANJJ INIHISTKIAI. RKSKARCH 
(1). S. 1. R.) 

The exigencies of the war of 1914-18 evolved the De^rt- 
ineiit of S(‘ientihe and Industrial Research in Great Britain 
on an elahorate system with a far sighted view. It may be 
mentioned that Ktigland at this stage was tujt properly 
industrialized, nor that technical enteritises were niueli 
eiicotirageil, and that scientilic research were more cenifined 
in the corners of the InlKiratories. It may be mentioned that 
the pioneer aviators in ICngland were much discouraged by 
the rkiveninieiit. But the 20th century warfare demanded 
all these technical activities which were so much neglected 
before and “already the early months »»f the war of 1914-18 
had revealed the dangers and difficulties in which Great 
Britain was placed through the neglect of science by m- 
dustry and the absence of an ude<|uate scientific, personnel.*' 

The Department of Scientific and Industrial Rc.search 
was createtl by the Act of Parliament in December 1914. It 
was later on felt that the Department cannot fiiticti<ai pro- 
perly unless an adeipiate Advisory Counciel is appointed for 
the organisation. Mr J. A. Pease who was then tlie President 
of the Board of ICducatioii introduced a Bill in the House of 
Commons to apiioint an .Advisory Council fur indu.strial 
research in Great Britain, to be specially entrusted with 
the supervision and eiicourageiiieiit of scientific research 
jiarlicularly in relation to industry, and much stress was 
luiil on the training up of technical ix'rsoniiel. The Advisory 
C<iuticil of the Scientific and Iiidustrial Research was esta1> 
lished by Order in Council on July 18, 1915, and great 
credit goes to the Advisory Couiu'il which has been instru- 
mental in increasing greatly ihe number of efficient British 
workers and for the unprecedented expansion in the appli- 
cation of scientifii! research in industry and in every phase 
of national life during the period of some 28 years of its 
existence. 

The Advisory Council (S. A. C.) is composed mainly of 
einiiient scientific men of the country like I.,ord Rutherford, 
Sir William Bnigg, Prof. Powlcr, lyord Rayleigh, Sir j. H. 
leans, Prof. A. V. Hill and others. The prime functions 
Ilf the .Advisory Council were and are to advise tlie Com- 
mittee of Council on propo.snls for instituting specific re- 
searches, or for establishing «ir developing special institu- 
tions or depiirtnuMits of existing institutions, for scientific 
study of problems affecting particular industries and trades, 
and on the establishment or award of research scholarships 
or fellowships. The. Advisory Council is also available to 
advisA' the eilucation departments as to the supply* of 
workers competent to iimlertake scientific research. 

Although the Department of Scientific and Industrial 
Research was created during the war it was not merely an 
emergency organisation. The Department was planned 
entirely on permanent national basis, taking into account the 
emergent necessities of the war as well as the post-war 
reconstruction. 

One of the most important issue was the creation of 
National Physical Laboratory. The N. P. L. co-ordinates 
the si'ieiititic and technical problems in its own lalx)ratories 
or have them co-ordinated in. specially controlled places, 
such as, universities and industrial factories or their asso- 
ciated hiboratories and then pas.s on the result of Hie' indu.s- 
Iry with its hall-mark of precision. The standardization of 
fundamental units of measurements has its essential bearing 
on the stability of industrial reproduction and in maintaining 
adequate specifications for the prorkicer as well as for the 
consumers. 


The Department has its different l)oards and snb-com- 
iiiittees to deal with different problems : for instonce, Fuel 
Committee, Radio Research Board, Iron and Steel Cuiii- 
iiiittce, Water and Atmospheric Pollution Research, Medical 
Research, Agriculture, I'lMid Investigation Board, Textile, 
Aircraft, Klectrical Apparatus, etc., are treated elaborately 
under each of these Committees. 

The Department rjf Scientific and Industrial Research 
did not restrict its attention only to the works of industrial 
nature since it was appreciated that no technical processes 
or its application can be fully evolved without the proper 
understanding of the fumlamentul science— socalled 'pure* 
science. “The service whicli the Department pi Scientific 
and Industrial Research lias rendered to t)ie development 
of pure science is far from being limited to the provision of 
maintenance allowances for students or even special assis- 
tance to independent research workers, whether by helping 
young research 'wtirkvrs of exceptional ability to pursue their 
work for a limited peritnl without the necessity of finding 
<»tlicr employment, by the provision of funds for research 
of technical assistants or the purclia.se of .special apparatus 
and equipment, or, in sfiecial circumstances, by making 
really substantial grants. TJie Ailvisorv Council has con- 
sistently shown ill its reports a wise concern hir the condi- 
tions of employment of the research worker, whether In 
regard to salary or security of tenure ; this is a contribution 
to the raising standards in the la.st two decades w’hicli li.is 
earned the cordial appreciation of all scientific w«*Tkers.'’ 
(I'or fuller accouiii, see .Sciknck and Cri/ruRK, Vol. V, p. 649). 

Mkdicai, Rkskakch Corxcii. (M. R. C.) 

Medical Research Council (formed in 1914) is one of the 
three research departments of the Privy Couucib Numerous 
are the services rendered by the Medical Research Council 
with its forty-five committees and suli-c'ominittccs. .At pre- 
sent the activities f)f tlu*. Medical Research Council are not 
('onfined only w'ithin the domain of medicine but cxteiul 
far beyond it. It is directly concerned with all the pro- 
blems that affect man’s health and efficiency. 

The activities of the Rcsearcli Council were found to 
he extremely salisfactorv and the Committee has been 
allowed full scientific freedom and complete control over 
the funds at their disposal. 

The activities of the Council are manifold. The results 
obtained by the Nutrition Committee are invaluable as it is 
well-known that nutrition in ,.ar time affect both the popu- 
lation as a whole under the conditions of rationing and the 
armed forces in re.s|)ect of great use of tinned footlstuffs. 
It has taught the people how to make the Ijest use of food 
that the}' can get and how to keep good health. 

Another important committee is the committee of Pre- 
ventive Medicine w'hich has studied methods of immuniza- 
tion against diseases such cas diphtheria, whooping cough, 
etc. and outbreak of epidemics. 

Medical Research Committee is helping different antho- 
rities to select proper man to the proper place. 

The activities of Medical Research Council now extend 
far beyond medicine. The Health of Munition Workers 
Committee was appointed to consider and advise on indi- 
vidual fatigue, hours of labour and other matters affecting 
the personal health and efficiency of workers in munition 
factories and work.shop. 

The M. R. C. is directly under the Lord President of 
the Council, and has nothing to do with the Public Health 
Service, which, is under the Ministry of Health. In India, 
the two are lumped together, with no happy result, as 
mentioned elsewhere. 
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Ministry or Aikckakt Production (M. A. i*.) 

The war of 1914-18 necessitated the formation of Oetxirt- 
luent of Scientific and Industrial Research in Kn^land with 
a view to mobilise the scientists to war eff*>rt. Though the 
services rendered by the department were imiiicroiis yet it 
was found that the present scientific warfare reipiiiCN the 
fullest mobilizatiou of the scientists and co-ordination of the 
sister departments. 

At the early stage of the war Knglniul had to face 
severe bombing" aud finding the superiority of (icnnnn 
planes of various kinds, Kugland felt the necessity of the 
formation of the Ministry of .Aircraft l*nxJiiciion. 

Formerly the function of the Ministry of Aircraft Pro- 
duction was to expedite the production of the various kinds 
of aircrafts, and to speed up the production of the parts 
that go to build up tlie aircrafts. Its duly is also to hnik 
after that no factory engaged in the niaiiNfiicture of aero- 
plane parts suffers for want of labour, material and cejuip- 
nient. 

ScMUi it was realised that the war is a total and a truly 
scientific war and that the war would not he won merely 
by the pliy.sical ascemleiicy of race hut rather hy the 
ingenuity and skill of those who have been trained in 
secomlary schools, technical schools and universities. Mere 
mass production would not suflice, (pialily is also essentisd. 
With the view to impnwe the cpialily of planes the Aeronau- 
tical Research Committee l.\. R. C.| was formed. The 
members of the Aeronautical Research Connnittee and il-^ 
suh-committees were drawn from Government technical staff 
and non-official scientists with the necessary (pialificntions. 
1‘roin lime to lime the nienihership of tlu-se hoilies ’s 
chaiigul with the view of giving a freshness nf outlook. 

Ill addition, to this there are advisory committees cim- 
s'sling of engineers and siientisls from wlumi advice is 
.sciight for a specific proMcMii. 

The wfirkers acting under this research coimiiittee. arc 
all engaged for the dcvelopmeiils of aircrafts. Tlie Chair- 
man of the Aeromintical Rcscan'h Committee is also a 
mein her of the Ministry of .Aircraft Production Supply 
Council und of Air Council thereby giving a .scientific link 
to the Air Ministry and the Ministry of Aircraft Production. 

The Aeronautical Re.search Department is solely eiigagtd 
for developing belter and varied t\pes of aeroplaiies to suit 
different purixises. It has no concern for iiiaiiufacture. 

The Ministry of Aircraft Producliim also has an iiniior- 
taiit organisation devoted to Radio dcvelu])iiiciil under the 
Controller of Cominunications H<|nipincnt ; though there are 
in addition many scientists operating outside the research 
sphere, both in development and production and on oiien- 
lional planning. 

The proper distribution of planes and pilots to the field 
necessitated the formation of Air Couucil. The Ministry 
of Air Council keeps close touch with the military tiiUhori- 

• The first President was Sir Henry Tizard, F.K.S. 


lies und is responsible for the distribution of planes ami 
pilots. 

For the recruitments of men suitable for air force the 
Air Ministry has set up I'lying Pcrsrmnel Research Com- 
mittee. This Committee works in conjunction with the 
Medical Research Council. 

Finding that without meteorological forccasling no 
oiKTation in jiir can he undertaken, a meteorological .section 
was incorporated in the department. In the early part of 
1942 under Air Ccmncil a Meteorological Research Committee 
was formed to ailvise and assist in the carrying out of 
Meteorological inve'^^ligalion under the Chairmanship i»f 
Piofessor S. Chapman, I'rofessor of Mathematics ;il the 
Iini^erial Ojihge of Sciences and Technology. The Com 
iiiittec would welcome contact and co-oiieralion with Piiiver- 
sity Depurtmeiits or other institutions engaged on work 
that hears on meteorology (vide Sciknck axu Ci:i/rt;RK, Meteo- 
rology in I’eace and War, Vol, 8, p. IfSfi). 

Air Ministry has now handed over mo-l of its research 
work to the Ministry of .\ircrafl Production for heller 
maiiageinent niitl co-ordination. 

Akmv OrKATioxAi, Rkskakch O. R. f'.,) 

Arin> Gperational Research Groups came into existetue 
ill tireat Hrilaiii in onler to secure effcc.ti\e co-operation 
let ween the scientific and the fighting men. Today science 
is t>hiying a very great role in the tiroseciilioii of w.ar and 
the closirst association hetween si'ience and tlie services is 
u vital necessity to ensure the niaxiimiin war i*fforl. 

The praetice that is usually followed is to hand over to 
the oiierational research sections the spei-ille problems faced 
h\ the services. Sometimes the research sections may taki* 
ilic initiative in carrying on investigations for the solniion 
of prohletns which they regard to he vital to war efhirt. 
Ifowcver, the reseaerh sections have iiu aulliorily to demand 
any specific course of aetioti. Thev analyse faets, ]»asl 
e.\periences, arrive at eonclnsions whieh they hand over to 
the military authorities. It remains entirely with the latter 
to follow' this advice and carry out operations in the light of 
advice given. 

A. R. C. •.Vgriculliiral Research t'oiiiicii. 

A. R. b. — Admiralty Re.search baborntory. 

D. G. R. D. — Director of Research and Development. This 
is in charge of Dr Gough (Engineer), head of the 
Ktigincering Departiiient of the National Physical baho- 
ratory. The dcparliiieiit employs about 1,000 scientists 
and engineers. 

C). R. G.— Operational Research Gnai]) (eiiiploi^ ahoiU 20f) 
scientific men with all coinmand groups). 

S. A. C. -Scientific Advisory Council. 

R. A. K. — Royal Aircraft Kstahlishment. 

Hxtra-niural Work~is the work done in the lalKiratories 
and worksliop.s of niiiversilics, und other eilucatioiial 
institutions, industrial laboratories, etc., far the war 
effort. 
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AN APPRECIATION OF THE WORKS OF PROF. A. V. HILL 


TT is very rarely that a physicist and inatlieniaticiaii 
turns his mind to the study of problems con- 
nected with life and tries to find order and law in 
the chaos apparently prevailing in vital phenomena. 
Archibald Vivian Hill belongs to this rare class, 
along with Hclmlioltz or Nernst. A. V. Hill has 
always tried to probe inh) the mysteries of life in a 
direct manner. He lias attempted “to include the 
complex and the variable phenomena presented by 
animal functions within the procrusteau bed of 
mathematical formula” and has always i^rotestcd 
that physiology is treated merely as ‘the hand maiden 
of medicine’. He ho[)es that as ‘in recent years the 
worhs of physicists and chemists have given us cer- 
tainty that theories of atoms, molecules and stereo- 
chemistry are based on real objective fact, so it will 
be with physiology -though our way may be much 
harder and lotjger than those who deal with such 
simple things as molecules, atoms and electrons*. 
A. V. Hill belongs to an age which produced a 
gallaxy of brilliant pliysiologists like Sherrington, 
Dale, Hopkins, Heymans, MeycrholT, Kiiibdcn and 
Lund.sgaard. 

Hill’s earliest work dates from tgio, when in his 
“new mathematical treatment of changes in ionic 
cfincentration in muscles and nerves, under the action 
of electric current, with a theory as to their mode of 
excitation” {Journal of l^hysiology, \'ol. 40), he elabo- 
rates and improves on Xeriist classical theory of 
excitation of nerves. 

vSooii A. V. Hill interested himself in the study 
of output of heat by resting and by working tissues. 
Kletcher in iyo2 and l*'letcher and Hopkins in i<)07 
had established that the actual contractible process 
in muscle is not associated with consumiition of ()« 
or giving out of CO;, but that the only demonstrable 
change was apiicarance of lactic acid— the accunin- 
latioii of which leads lo fatigue and the oxitiative 
removal of which means recovery. Hill improved 
the techniciue of recording minute changes in heat 
production by contracting muscle and began lo study 
in detail the heat output during anaerobic cf)ntrac- 
tions and aerobic recovery. He established that there 
is a direct relationship between tension develo])ed and 
heat given out, that the heat output or tension deve- 
loped is proportional to the initial length of the 
muscle fibre and not to its volume and independent 
of the rate of stimulation. He calculated the mecha- 
nical potential energy to be Tl (Tension-Length) 
which may be wholly available for being turned to 
external work. That is, tlie theoretical i?iechanical 
efficiency should be 100 per cent but was reduced in 
two ways viz,, {a) loss of energy due to frictional 
causes— a contracting muscle being a viscous elastic 


system and (6) loss of energy in the subsequent re^ 
covery process. Later on, he concerned himself with 
elucidations of time relations of events in muscular 
contraction, by a study of the sequence of thermal 
changes during excitation of muscle in absence of 
oxygen and of thermal changes during the subsequent 
oxidative recovery period. All these observations 
were possible on account of the construction, with 
the help of Hartree and Downing of a very delicate 
thermopile which can record changes of temperature 
of the order of 2*5 

A. V. Hill’s work in connection with viscous 
clastic properties of muscles has already been alluded 
to his critical e.vamination of the Fenn effect is 
another notable contribution. He demonstrated that 
the Feiin effect is found not under all modes of stimu^ 
lation but depends on the original length of muscle 
and work done. 

Adventures of A. V. Hill in various a.spccts of 
bioi»hysics are too numerous to refer to in the article. 
He w^as the first to explain vapour pressure changes 
and osmotic pres.sure changes in muscles during 
activity. This v.p. changes in muscles not only leads 
to concentration of body fluids but is of such magni- 
tude as to indicate an increase of 50 per cent in 
number of osinotically active subslances in the 
muscle, which cannot be adequately explained in 
terms of the known chemical changes associated with 
muscular activity. Hill is therefore again in a posi- 
tion lo prophesy that unknown reactions of consi- 
derable magnitude must be taking place in muscle 
during activity and must be searched for. Other in- 
teresting sojourns was the study of the steady state 
in muscular exercise and the state of water in tissues. 

Last but not the least is A. V. Hill's contribu- 
tion lo the problems of nerve physiology including 
heat output by re.sting and active nerves, with the 
help of a still further improved thermopile which is 
doubly as delicate as the previous one. Action 
potentials of active nerves are according to Hill, due 
to discharge of a dielectric across a polarised .surface 
film of the nerve fibre and the action current is itself 
associated with the mechanism of transmi.ssion of 
nerve impulse. The active element in a nerve fibre 
is a nionomolecular film maintained in the resting 
polarised .state with potassium ions inside and anions 
outside at the expense of oxidative reactions of rest. 
Stimulation means momentary depolarisation due to 
increased permeability— a discharge of electricity 
from in— outwards, associated with movements of 
Ijotassiiim ions. Thus electrical excitation of nerves 
and electrical ba.sis of nerve impulse transmission are 
put on the basis of chemical action — the socalled 
“chemical wave transmission in nerves”. 

5 . Banerjee 
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THE THIRTY-FIRST SESSION OF THE 
INDIAN SCIENCE CONGRESS 


rpHE Indian Science Congress held its thirty-first 

Session in the mctroiiolis of India on January 
3—6, 1944, and from all accounts, it appears to have 
been a grand success. The Session is memorable in 
many respects ; for this was the first Session of the 
Indian Science Congress held at Delhi, which city, 
though the metropolis of India since 1912, has not 
so far ranked high in the estimation of the .scientists 
of India as a possible venue of the Indian Science 
Congress during the lust thirty one years. But within 
the last ten years, Delhi as a scientific centre has 
grown rapidly, thanks to the transference of the Im- 
perial Agricultural Research Institute (originally 
established at Pusa, Bihar in 1905), the Board of 
Scientific and Industrial Research (1940), Malaria 
Institute of India, the Upper Air (Observatory 
(Agra) Office and the Central Revenues Control 
Laboratory. The offices of the fndian Research Fund 
Association, the Imperial Council of Agricultural 
Research and the All-India Radio and the office and 
the museum of the Archaeological Survey of India 
have been there already. The non-official clement in 
scientific talents at Delhi is still very weak, being 
represented only by the professors of the University 
of Delhi, and of its constituent colleges, but due to 
the energetic action of the present Vice-Chancellor, 
these clcmcut.s are being steadily strengthened, and 
let us hope that when the Science Congress holds its 
next vSession at the capital city, it would show as 
strong a non-official group of scientists as any other 
older centre of education in India. 

Besides the members from different parts of 
India, the Congress was attended by many members 
of the Viceroy’s Cabinet and important citizens of 
Delhi. Much credit is due to Sir Maurice Gwyer, 
the Vice-Cliancellor of the University, and other 
university authorities particularly those of the St. 
Stephen’s College for agreeing to accommodate the 
Indian Science Congress at such short notice.* The 
success of the Session was due to the untir- 
ing efforts of the local secretaries, Sir S. S. 
Bhatnagar and Prof. D. S. Kothari, ably assisted 
by an energetic band of volunteers. It was 
pointed out that this was the fourth occa.sion that 
Sir S. S. Bhatnagar piloted the Indian Science 
Congress as local secretary (Benares 1923, Lahore 
1927 and 1939, Delhi 1944), and it was only befitting 


• The Congress was to be lield at Trivandrum but the 
programme was upset at the last moment due to transport 
difficulties. 


that in rccognitirm to his services to the Indian 
Science Congress, his eminence as a scientist, and 
his services as an organiser of Scientific Research that 
he should be elected as the General President of the 
next Session of the Congress to be held at Nagpur. 

vSir Maurice Gwyer, Chairman of the Reception 
Coinniiltce, in delivering his welcome address, said : 

“The conflict which was once siip]K)sed to exist between 
science and hunianisiii is for nil wise men at an end; and 
indeed if the aim of both is, as it must be, the spread of 
learning ami the eslablishinent of truth, it is strange that 
there should ever have been any rpiestion of rivalry between 
them. Kach leariis something from the other, each makes 
the other nmre frnitful ; and from this happy union may a 
new generation arise, reflecting the beauty and vigour of 
both its parents. 

Indian science li.'is already achieved a position second 
to none in the world, and Indian men of science have it in 
their tx>wer to make a coiitribntioti to the future welfare of 
India almost beyond human coniputatioii. They can trans- 
form the face of India, 'hey can multiply its wealth, they 
can solve the problems of ignorance and poverty; and who 
knows whether they may not even Ite able to solve the most 
intractable of all, India's constitutional problem ? It is the 
earllc^t prayer of all wlif> have the happiness and welfare of 
this country at heart that all these problems, surveyed in 
the calm • and serene atmosphere of science by men con- 
secrated to the search for truth and nothing hut the truth, 
with minds free from prejudice or bias, may find a solutirm, 
or at least the beginnings of a solution, at the meetings this 
week in Delhi. 

ily the irony of circumsianccs, war, that great enemy 
of liittiian progress, affords the most {>f>werfnl stimulus to 
scientific research that we know ; but gcxid can conic out of 
evil, as war is followed by peace ; and tliat part <if the 
world which still loves peace and still believes in human 
personality in the dignity of man and in honest dealing 
between nation and nalioii, will benefit hereafter from the 
lalK)urs of scientists to put new and ever more potent 
weapons in its hands to defeat the. enemies of man kind. 
For those and for the many fithcr blessings which, liy the 
gixidiicss and mercy of (Joil, men of science have bestowed 
iipcm us, we tender tlicni our gratitude; and wc hope that 
their lalnjurs this week and the discussions and contacts 
which a gathering like this makes possible will bear fruit 
a Ijundred-fold." 

Just before the Congress formally started, the 
gathering was temporarily converted to a luecliug of 
the Royal Society of London, and Prof. A. V. Hill, 
Secretary of the Royal Society, wlio has come out 
to India on a tour of goodwill mission, on whom 
the authority of a Vice-President of the Royal Society 
was conferred, performed the pleasant function of 
admitting two newly elected Indian Fellows, Sir S. 
S. Bhatnagar, and Prof. H. J, Bhabha, formally to 
the Royal Society. 
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The Session was then fornially opened* by H. E. 
Viscount Wavell, Viceroy of India, with the following 
speech : 

“India, one of the oldest civilisations, has perhaps felt 
the impact luodeni science later and less than any other 
l^eat i^eople. A lar^c pn>|iortioii of her tiopulation still 
lives the old life untouched hy the vast changes of this 
century. Her realm has been of the spirit rather than of 
the earth. It may l»e said of Uie West hereafter that we 
took too liuich from India materially and too little 
spiritually. 

IJut if India is to plav the i>art in the world to which 
her size, her population, her history and her position entitle 
her, she tfK> must make every possible use of .scientific 
advaiiceiiietit. She has already pniduced many great 
scientists, she bears many more in her fertile womb. Her 
conlribution.s to science have always been mi the side of 
peace and progress. She was everything to gain by coiii- 
biniiig iiKKlern science with her old culture, her traditional 
outlook should enable her to make an increasingly fine and 
characteristic coni ribu lion to natural knowledge. Indian 
science has, in fact, made a very remarkable stride forward 
during the last 25 years, as is shown by the foundation <»f 
many new societies, new journals and new <iepartments of 
science in I’niversities and under (iovernment. 

In this war .science has played a great nile in India as 
elsewhere. It has made a s])lcndid contribution to main- 
taining the health of. the fighting men, through the activities 
of such Ixidies as the Malaria Institute, the Indian Research 
h'und As.socintioii, the Nutrition Laboraiories at Co<rticHir, 
and others. It has also played an iniiiortant part in niuni- 
tion,s production and in sedving problems of supply. .Vs a 
cx-Commniidet^in-Chief, I sbotild like to thank Indian 
science for the invaluable assistance it has given to the 
armies in the field. 

It must play a great part also in imst-war development. 
Tile coming years will be vital to India. She must learn 

make use of her abundant resources with the aid of 
.science, which is the most iiitcruational of all human 
interests. Professor Mill has himself said in an address 
elsewhere : *1 believe lliat the pursuit of knowledge for the 
wclfiire of iiinrikind is one of the greatest agents for gwid- 
will between men in every land.' It is in that lielicf that 
he is here to-day. 

This session of the Indian Science Congress has a mo- 
meiihjiis task to |)erform ; to discover how l>est to bring the 
aid of science to the development of India’s great rc.sourccs 
ill agricullure and industry, to the iiiiproveinent of hcnllli 
and to stK'ial advancement and pro.s]x:nty. This Science 
Congress is a body of liigli repute, with a great and growing 
mcmber.ship and inilueiice. Gentlemen, 1 wi.sli all success to 
your deliberations. 

Prof. S. K. Mitra, (ieiieral Secretary of the 
Science Congress in thanking the Viceroy said : 

We are extremely grateful to His Kxeellency the Viceroy 
for coming here this niomiiig to open the proceedings of the 
Thirty-first Se.s.sion of the Indian Science Congress. It has 
been customary in all ages and in all countries for the 
royalty and the wealthier .section of the community to he 
the. patrons of arts, science and learning. It is therefore but 
proper and natural that His Excellency, as representative 
of His Majesty the King Emperor, shonld come here to 
inaugurate our PnK’eediugs. We would, however, love to 
think that His Excellency is in our midst today, not as 

* It has been a general ciistoiii that the Indian Science 
Congress is fornially opened Jjy the Viceroy, whenever ■ 
aynilnhle, or in his absence by Uie Governor of the Pro-J 
vince or ruler of the State in which the Congress is held. S 


a matter of duty — tiecause he represents the Crown — but 
liecause he is a soldier and he thinks the scientists as his 
comrades-in-arms, who have helped him in fighting the 
Axis povi'ers abroad, and who would now help him in fight- 
ing the /Ixfs combination within the country — ^the combina- 
li<m of Poverty, Ignorance and Disease. Ladies and gentle- 
men, His Excellency has already, some time ago, referred 
to the urgency of fighting and exterminating this combina- 
tion. On the eve of his departure from England, His 
Excellency said at the Pilgrims luncheon : “It has always 
seemed Ut me a curious fact that money is forthcoming in 
any quantity fur the war, but that no nation has ever yet 
produced iiuiiiey on IIIIl same scale to fight the evils of 
peace— poverty, lack uf education, unemployment and ill- 
health. When we are prepared to spend to this end, our 
money ami our efforl.s us freely and with the same spirit 
as against Hitler, we shall really he making progress. In 
the country to which I go, these evils of poverty, lack of 
education and di.sease have to be met on po.'tsibly a greater 
scale than any uhere else. Ladies and Gentlemen, in the 
name of the Indian Science Congress As.socintion, which is 
a representative Ijody of scientific workers in India, I can 
assure Ili.s Excellency, that the scientist.s of this country, 
are always eager to IlmuI their fulle.st sii])piirt to his efforts 
in fighting these evils which act and react on each other in 
a vicions circle in this ancient and unfortniiate land of ours. 
Ladies and gentlemen, will you now kindly join me in 
very sincerely and heartily thanking mir .soldier and fighiier 
V'iceroy for his interest in the Indian Science Congress and 
for the trouble lie lias taken, in spite of his iiiullifarious 
duties, to come over here to oj)en our proceedings. 

The following messages of welcome were received 
from the Rt. Hon*blc Mr Winston Churchill and 
Field-Marshal Smuts respectively through Prof. Hill. 

(1) “I am very ghul to have the oiiportuiiily to send 
through you iny greetings and good wishes to hnlian men of 
science and especially to the six Indian h'ellows of the 
Royal Society, of which I :im honoured to lie myself a 
Fellow. 

“It is the great trageily uf our time that the fruits of 
.science shoiihl by a imnistroiis jierversion have been turned 
on so vast u scale to evil ends. Ihit that is no fault of 
.science. Science has given to this generation the means of 
unliiniteil disaster or of uiiliiiiited progress. 'I'herc will 
remain the greater task of directing knowledge lastingly 
towanls the piirixiscs of peace and lintiiaii gocxl. In this 
task the .scientists uf the world, united by the bond ol ;i 
single ]>iiri)ose which overrides all Ixmiids of race and 
language, can play a leading aipl inspiring part." 

(2) “1 am much interested to hear uf your coming mission 
tfi India, and feel certain that yon will be able while there 
to place yrnir large and varied scientific experience at the 
dis]M»sal of tile (^n'eriinieiit and other orgcuiisatioiis in all 
matters in which science plays a part. There as elsewhere 
scientific research in relation to industry, agriculture, war 
and in other directions is of paramount importance, and you 
will find a rich field fur your knowledge and energy. 

I am s])ccially interested to know that you will probably 
attend a meeting of the Indian Science Congress, and will 
alsf} act on behalf of the President of the Royal Society in 
admitting to the Fellowship of the Sexuety a number of 
distinguished Indian scientists. A.s a past President of the 
parent British Association for the advancement of Science, 
and a senior Fellow of the Royal Society 1 should like to 
express through you my cnngratnlalions and cordial good 
, wishes to these gentlemen on their hccoming meml)ers of 
^ the greatest and most famous scientific society in the 
£ world. 
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III tlic forwanl iiiovciiiciil of Iiuliu in <>iir 

wliirli is so universally acx'luiined, there is iit>thiii^ more 
outstanding than the part her sons are taking in seieiicc 
and scientific reseandi, and some of the most notable 
advances in physics, mathematics and the hiologit'al sciences 
have come from Indian workers. Among them the names 
of our Indian h'.K.S.s — Runiaii, Sfiha, Salmi, Krishnaii, 
llliulihn and Hhntnagar are known over the wlnile world of 
science and have added lustre to India even outside the 
domain of science. It is therefore fitting that your .scientific 
mission of goodwill should also be the riccasion of honouring 
these scientific .sons of India and conveying to them the 
congratulations of the wlmle scientific world.'* 

A number of public lectures, and syniixisia were 
arranged, list of which is given in the appendix. The 
inihlic lecture which excited the greatest interest was 
the one delivered by Prof. A. V. Hill, F.R.S. on 5th 
of January, 1944. The lecture is reproduced else- 
where in this issue with our editorial comments. 

The Science Congress week affords an oppor- 
tunity for scientists for all parts of India to assemble 
at one jdace for one week, to exchange views and 
establish personal contacts. It is also the occasion 
for all tlie imi>ortaiit learned societies to hold their 
annual functions. A list of such functions which 
were held at Delhi is given in the appendix. Full 
members and Session members attended the Congress 
and inspite of transport difficulties from which Delhi 
suffers, the local authorities spared no pains in 
arranging for excursions and provUliiig other social 
amenities. 

The National Institute of vSciciices, the premier 
learned body of senior scientists in India, held its 
annual session at Delhi on the 29th and the 30th 
December 1943, under the presidency of Sir J. C. 
(ibosh, and held a symposium on the proposed 
National Research Council for India. 'Phe symi)Osium 
was attended by 55 Fellows, and 35 rei)reseiitatives of 
learned bodies from all parts of India. The National 
Institute of Sciences passed a series of iihportaiit re- 
^ solutions on the Aims and Objectives of a National 
Research Council of India, on its coiislitntion and 
on the formation of research committees and recom- 
mended that, following the practice in the United 
Kingdom, one per cent of the national budget should 
be set apart for scientific research. We also under- 
stand that the authorities of the National Institute of 
Sciences are in correspondence with the Government 
of India regarding the acceptance of these resolutions. 

Some of the presidential addresses delivered in 
the sections will be published in our subsequent issues 
ds the space permits. 

APPENDIX 

1. Titles of Addresses of Sectional Presidents: 

Mathematics .Vte« 5 f/cst»^‘Fundameiital Equations of 
Quntuni Mechanics,' by Prof B. M. Sen. 

Phy. 4 rfs- 'Cold Dense Matter,' by Dr I). S. Kothan. 


Chemistry— 'Some .Asijecls of Modern liiorguiiic Che- 
mistry,' by Prof R. C. Ray. 

Geology fi’t*ogra/>/iy ■ -‘The Boniliay Island', by 
Dr A. S. Kalapesi. 

Itotany — ‘Progress of Botany with .Special Reference 
to Economic Pluiits,' by Dr T. S. Sabnis. 

Zoology Entomology — ‘the (itilgi .Apparatus', by 

Prof. Vishwa Nath. 

Anthropology & Archaeology— 'Truih in Aiithropo- 
by Mr Verrier lUwin. 

Medical & Veterinary Sciences — ‘Medical Education,' 
by Prof. K. V. Krishnan. 

Agricultural .Sciences — ‘Some Aspect of the Present and 
Post-War Production in India,' l)v Ruo 

Bahadur D. V. Bal. 

Physiology ‘Ilaritionv and Rlivtlim in Nature,* bv 
Prof S. N. Matbur. 

Psychology & Educaiionai .Sciences— *'V\\e Practical 
As})ects of Educational Reconstruction in India,* 
by Mr John Sargent. 

Engineering iSf Metallurgy— *hu\ns\r'ui\ Reseandi,* bv 
Mr J. J. Gliaiidy. 

2. The following discussions were held in the various 
sections ; 

(a) Food Economics. 

(b) KllmoMgy in Indian Museums. 

(c) The Manufacture of Pliotugrapliic materials in Imliu. 

id) Menial life as pictured iu contenqioriiry psychology, 
(c) l«(K'usts and the species ]>robleiii. 

(/) ik'ience and Practice of Soil tillage in India, 

\g) Biological a.s.say of drugs in India. 

(b) h'lei'tro-Chemical Industries. 

jf) Correlation of Strnie Age Culture of India. 

(J) Achievement Tests and Accomplisliineiit q**^)tient on 
their educational applications. 
ik) Zofdogj- and the Food Problem. 

(/) MetlnMs for the Improvement' of Yields of Paddy 
in India. 

(m) Insecticides. 

(II) Standardisation of certain terms in Indian Geology. 

( 0 ) Position of I'hysiology as an independent Science. 
ip) The need of Eugenical .studies in India. 

3. The follow'ing learned .societies held meetings as 

follows : • 

(a) Annual Meeting of the Society of Biological 

Chemists, India. 

(b) Annual Meeting of the Indian Pliysical Senriety. 

(c) Annual .Meetiug of the lutlian Psychological Asso- 

ciation. 

(d) Annual Meeting of the Physiological Society of India. 

ie) Animal Meeting of the Entomological Society of India. 
(/) Annual Meeting of the Indian Botanical Society. 

(g) Annual General Meeting of the Indian Pharinaccu- 

to As.sociatioii. 

(b) Annual Meeting of the Tiidiaii Society of Soil 
Science. 

(f) Annual Meeting of the Institute of Chemistry of 
Great Britain and Ireland (Indian Section). 

(/) Meeting of the Indian Ecological Society. 

(b) Annual Meeting of the Indian Chemical Society. 

(1) Conference on Food and Nutrition under the 

auspices of the All-India Nulrilion Board. 

4. Popular lectures were delivered on the folhiwing 
subjects : 

(a) Architectural Education in India. 

(b) The Scientific Ori^iii.sat ions— Official and Non- 

official -in the United Kingdom. 

(c) Food and the Food Crisis. 

5. Iliere was a symposium on 'I'lace of Science in the 
Indian Educational System* under the auspices of the 
'Sub-Committee rm Science and its Social Relations'. 

6. A special broadcast talk was f^iven by Prof S. K. 
Mitra, General Secretary of the Indian Science Progress 
As.sociatioii, on 'Indian Science Congress — its fiirthcoming 
session from Delhi station on 2nd January, 1944. 
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>T^HE drainage basin of the Mississippi comprises 
1,240,000 sq. miles (which is some 16 times the 
area of IJengal) and includes more than 40 per cent of 
the total area of U. S. A. About 13,000 sq. miles of 
the alx)ve total drainage basin cover two Canadian 
Provinces. Tlie very existence and well-lKMng of a 
considerable part of U. S. A. depend, therefore, 
largely upon the proper maintenance of the river- 
system. Although some general studies of the rivers 
were made in the earlier part of the last century, and 
earlier still, it is since iS6i that more thorough and 
systematic investigations were undertaken by the 
Mississippi Imgineers. In those days attentions were 
paid on the regular survey of the rivers, with special 
reference to their discharge rates, methods of levee 
(embankment) construction, bank protection, effect of 
training works, change of river course, etc. , 

The entire drainage system of the Mississippi and 
its tributaries embraces six great natural divisions as 
detailed in Table 1. (See also the map annexed, 
fig. r). 


TABI-,E I 

Six Divisions of thk Mississippi Basins 


Drainage systems of 
the Mississippi. 

Percentage 
of total t»sin 
area 

Slope <ft. 
per mile) 

Flood Section 

(in thousand 


Max. dis- 
charge 
(cusecs) 

Min. dis- 
charge 
(cnsecs) 

Ohio Basin 

Upper Mississippi 

16 

0-44 

150 to 200 

1,233,000 

42,000 

Basin 

13 

0-59 

100 

337.000 

25,000 

Missouri Basin 

43 

0-97 

75 

370,000 

19,000 

4,000 

Arkansas Basin 

15 

0-62 

50 

460,000 

Red River Basin ... 

7 




228,000 

4,000 

Central Valley 

6 

0-35 

** 

* 

373,000 
At St. 
Fransis* 



It may be mentioned that though the Missouri- 
Mis.sissippi is a very long river (4250 miles) compared 
to the Oanges-Brahmaputra system (Ganges 1550 

*A very high flood discharge of 580,000 cusecs was 
recorded at this station in 1897. (cffscca'cnbic feet per 
second*). 


miles, Brahmapulra 1800 miles) the total amount of 
water discharged by the Gangcs-Brahuiaputra system 
is far larger than that of the Missouri -Mississippi. 
The maxinmin flood discharge of the Ganges near 
Sarah (before the confluence with the Brahmaputra) 
is 2 million cusecs,* and the minimum is about 
50,000 cusecs. These figures are almost eiiual to that 
of the Mississippi near its mouth. The discharge of 
the Brahmaputra has not been measured but it is 
probably fifty per cent higher than that nf the Ganges. 
The total water carried by the Ganges-Brahinapiitra 
system (4 to 5 million cusecs) into the Meghna, there- 
fore, exceeds that of the Mississippi system at its 
mouth which is some 2,850,000 cusecs. 


I5ari.ikr MaPwS and Survkvs ov tiiu 
Mississippi Basin 

The history of the discovery of the Mississippi' 
river by the people of tlie old world dates to the 
voyage of Columbus. The “Admirars Map*' in the 
Royal Library at Madrid furnishes the evidence that 
the mouths of the river Avere seen by Columbus in his 
fourth voyage which he launched from Spain in- 
March, 1502. The map ajipears to have been engraved 
in 1507. 

• More detailed voyage tliroiigli the interior of the 
river and its tributarie.*, was undertaken by the 
Spanish party headed by Hernando de Soto in 1539, 
and that is why De Soto is commonly believed to be 
tlie discoverer of the river. De Soto died on April 17, 
1542 of malaria when they reached the confluence of 
the Red Ri*“r. His party, however, continued the 
expedition up to the mouth of the Arkansas River 
and came down and settled at Tampico. 

Garciliaso de la Vega in his history of De Soto's 
expedition described a heavy flood of the Mississippi 
below the confluence of the Arkansas River, which 
the Spaniards witnessed. The flood began on idth 
March, 1543 and cresting about 40 days later. By 
the end of May the river had returned within its 
banks, having been in flood for approximately 80 days. 


'A maximum of 2^ million cusecs was recorded in 

1910. 
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After l)c Soto*s voyage the Spaniards apparently 
lost interest in the Mississippi expedition, when the 
French made further systematic survey. Radisson 
and liis brother-in-law Croseilliers explored in 1655-56 
near what is now known as Prairie Island. Joliet and 
Marquette were deputed by the Oovenior at Quibeck, 
to survey the mouth of the great river for the expan- 
sion of his territory. Their expedition was con- 
ducted between May 17 and July 17, 1673. In 
August 1678, La Salle set out from Lake Michigan, 
thence down the Illinois River. On February 6, 1682 
the Mississippi River was reached, and two months 
later, on April 6, they reached the Oiilf of Mexico. 

The credit of the discovery of the Lake Itasca, 
the source of the Mississippi River, goes to Mr Henry 
R. Schoolcraft who discovered it in July 13, 1832. 

Among the earlier maps, those prepared by T^ieiit. 
Ross (1765), Capt. Philip Pitman (1768) and Gen. 
Victor Collot (i7q 6) are extremely valuable. Maps, 
however, were drawn still earlier by De Lisle (1718), 
and Marquette’s map is probably the fir.*^! one (1673) 
ever made which extended from Mackinaw to the 
mouth of the Arkansas River. 

Another map, now preserved at the office of the 
President, Mississippi River Commission, at Vicks- 
burg, was drawn by one Mr William Wilton in 1774, 
covering a part of the Mississippi from Manchac to 
the River Ya/.oo. 

The use of water level gauges on the Mississippi 
dates back to 1798 when the first gauge was cstuh- 
lished at Natchez by the Governor Winthroi) Sargent. 

The history of building levees or protection em- 
baiikineiits on the Mississippi may be traced early in 
eighteenth century with the first settlement on the 
the lower Mississippi valley. The engineers built up 
by 1727, levee or dyke of length 5,400 ft. in front 
of the city of New Orleans which has a very low 
elevation and is liable to overflooding.* The dykes 
were extended with the settlements, and each planter 
was required to complete the levee along his own 
river front. By 1735 the levee line extended along 
1)otli banks of the river for a distance of 30 miles 
above the city and 12 miles below. By 1844 the levee 
ran, on the right bank, from 12 miles below the city 
of New Orleans up to the mouth of Arakansas River, 
which means a length of about 300 miles. On the left 
bank the levee ran up to Baton Rouge. 

By 1820 the period of discovery and settlement 
had come to a close. The Mississippi River was now 

* The condition of New Orleans may lie compared to 
that of Holland, and to any low-lying country of the Lower 
Bengal. The sewage of such countrie.s has to face great 
diflicalties. The water of the drainage system and that of 
min cannot be led out by the natural slope of the country 
80 that these have got to be pnmjied ont into any adjacent 
stream. Calcutta is also faced with similar problem. 

iHf aansKiiisHus ifitMM 
IMTITUTC OS ruLIVM 
LIMtaUT 


entirely within the territorial limits of the United 
States. The lower valley was comparatively well 
settled especiall\' in its southern areas. A levee 
system for the control of it.s flocnls had definitely 
begun. River commerce flourislied, with a conse- 
quent need for na^‘gatioii improvement. National 
attention was directed to the river. 

Missi.ssim pKoni.^^rs takkn up «v 
U. S. Govkrnmunt 

The Federal Government of the vStates was 
interested in the wide system of waterways of the 
country and took up, for the first time, the naviga- 
tion problems in the Missi.ssippi in 1820. In this 
year the Congress appro] )riated a sum of 5,o^)o dollars 
for the preparation of maps, and other pivliniinery 
survey of the Mississippi and Ohio rivers. Navigation 
improvements was first authorised by the Act of 
Congress in 1824 when the siiin of 75,000 dollars were 
given for the removal of snags* in the Mississippi 
river below the mouth of the Missouri, and in the 
Ohio river below Pittsburgh. This and later appro- 
priations for navigation improvements were exjjeiided 
under the direction of the Chief of Fngineers, U. S. 
Arn^^^ In 1837 the improvement of the mouth of the 
Mississippi for the sea-going vesseds was undertaken 
by Congress. 

About the middle of the last century the pro- 
hlcnis of the river, harfwur and navigation were per- 
ceived to !)e of deep scientific nature, .so that engi- 
neers aiul scientists were recruited for the purpose. 
Ill 1843 Professor J. L. Riddell began experiments on 
the problems of silt carried by river streams. In 1840 
Lieut. R. A.- Marr of the IT. S. Navy, performed 
series of sediment observatitms on the .Mississippi 
River near Memphis. 

Although the U. S. Government was at first 
interested only in navigation problems of the country, 
they felt that the question of flood control is also of 
great national interest and is an allied problem. The 
flocxl havocs of 1849 and 1850 lead to the Swamp 
Acts. “By the Swamp Acts of 1849 and 1850, the 
National Congress granted to the several slates all 
unsold swamp and overflowed lands within their 
limits. ITnder the provisions of the Acts, funds 
accruing from the sale of these lauds by the states 
were to be applied to the prosecution of drainage, 
reclamation, and flood control projects. Louisiana 
Mississippi, Arkansas, and Missouri organised offices 
for the sale of these swamp lands and appointed com- 

* These arc trees aiul branches of various sfee, carricil 
down the river hy its flood.' They are sotnetinies as large 
ns 30-40 feet with colossal roots spreading some 20 -30 feet. 
Sometimes they anchor themselves so firnilv that they have 

to be sawed out or blown up by small dV-namile charges 
They are removed by specially designed snag boats. 





Fig. 1. Six divisions of the Mississippi system. 




February, 1944 . state controi, and organisation ok river i»AStN 


329 


iiiissioners for the construction of levees. As might 
have been expected » however, this attenit>t to secure 
effective flood protection failed' due primarily to the 
lack of co-ordination among the different states and 
districts. Within the few years following 1850 some 
effort was made to secure necessary co-ordination by 
the passage of laws standardizing levee construc- 
tion.’*" (p. 8) 

In 1850 the Secretary of War directed Mr Charles 
Ellet, Jr., an engineer, to make surveys of the rivers 
Mississipi)i and Ohio so that a proper method of flood 
control may be planned. About the ssime time Capt. 
A. A. Humphreys of the Corps of Engineers, and 
Lieut. Henry L. Abbot made a detailed survey of the 
lower reaches and prepared the Report on the Delta 
Survey. A sum of 50,000 dollars was granted for 
the Delta Survey and the final Report was submitted 
in 1861 and is published under the name “Reiiort 
upon the Physics and Hydraulics of the Mississippi 
River ; Cpon the protection of the Alluvial Rcgi(»n 
against overflow and upon the Deepening of the 
Mouths’*. 

Although studies have been made c.n the river 
and its floods, no very satisfactory gauges in ad- 
c(iuate number were found to exist for accurate record- 
ing of the floods or low water conditions. The Reso- 
lution of Congress dated February 21, 1871, directed 
the Secretary of War to establish gauge stations at 
important points 011 tlie river and its tributaries. 

The disturbances of the Civil War practically 
stopped the activities of the river training works 
between i8f)o and 1867. There was, therefore, great 
damages on the levees in the flowls of 1862 and 1865, 
which remained unattended. Tlie flcMid of 1S74 
caused considerable damage on the levee system in 
tile low valley, and as a result, a board of engineers 
known as “Levee Cbmmi.ssioii” was directed to 
examine the system and to submit a plan for the re- 
clamation of the Alluvial Valley. 

The lowest reaches of the ^lississippi near the 
(lulf, offered great problem of maintaining the deptii 
of channel for the vessels. The River and Harliour Act 
of March 3, 1875 authorized Mr James B. Eads and 
his associates to build jetties and other works in the 
South Pass for the purpose of obtaining and main- 
taining a ship channel. Mr. Eads worked with great 
success and they built the Port Eads at the mouth of 
the Mississippi on the Gulf. 


ThR M1SSI.SSIPPI RiVKR C0MMI.S.SION 

The Mississippi River Commission was organised 
in 187Q. The Commission provides funds for syste- 
matic survey of the rivers in order to collect idiysi- 
caV data for developing river training methods on 


scientific basis. “The final object of the expenililurc 
and their investigations is the improvement of the 
low water channels of the river and the protection of 
the country from flood.** 

As the river and its tributaries flow llirougli more 
than one state or province, the task of training them 
cannot, obviously, be laid on a single State. It is 
therefore a joint concern of the individual .states as 
well as of the Central Government the Congress. It 
will thus be seen that there exists a sort of dual 
control over the river training organisation. “The 
Commission are practically the advisers both of Con- 
gress and of the local Slates, though they have no 
control over the expendilure of the laller. It is how- 
ever, said that all concerned work together most 
harmoniously for the common good .... 

“The Commission consists of three olheors of I*. 
%S. Corps of Engineers, two Civil I-ngiiieers, one 
(.Iffjccr Coast vSurvey, and one rei>reseiil alive of the 
legal profession, with an officer of the C'orps of luigi- 
ncers as Secretary. The <)ffice of llig President of 
the Commission is in New York, but that of the 
vSecretary is in St. Louis. (The head quarters of the 
Missis.sippi River Commission have been shifted to 
Vicksburg since 1928J. In addilu)ii to his Commission 
duties the Secretary has the maiiagenicnt of dis- 
charge observations and dredging, as well as the. 
direction of the survey operations. The Pre.sideiit of 
the Commission is the senior inemhcr belonging to the 
Corps of Engineers.*’* (Notes 011 the Mississippi, F. 
W. Wawsoii.)* 


WlPl'M.Ni; TIIK SoiI'K id' 'MIK MiSSISSlITI 

Rivkr Commission. 

Prior to 1881 the jnri.sdictum of the Mississiiipi 
River Commission was restricted to the lower basin 
of the river. The River and Harbour Act of March 3, 
1881 .provided for exleiitifm of tlie Comiiiissioii’s 
operations and jurisdiction to the tributaries for the 
]»erfcction of the general and permanent improvement 
the river. Then, the year *882 is also significant 
as marking the beginning of llic levee work by the 
Coiinnissioii. 

More and more responsibility was given in the 
liauds of the Commission as it was operating in a 
very effective iiiaiiiier. The tlooils of 1897, 1012 and 

* ^Ir P. W. Dawson was tlic Uxecutive Kngiiieer, Bom- 
bay, on special duty. In the preface of the volume lie 
writes "'I'lic notes were prepared by the writer while on 
special duty on the Mississippi River for a perio$l of six 
months under the orders of the Government of Bombay, 
the object of his depuUition being to study the practice of 
the Mississippi Hngincers with a view' to recommending 
the adoption of such of their metliods of scientific research 
and engineering principles as might h^ suilahlc to the 
Indus River. 



330 


SCIENCK AND CULTURE 


Vol. I2(, No. 8 


igi3 called for special attention regarding the methods 
of flood control. In the year 1914 concrete revetment 
was tried under the Commission and proved to be 
e.Ktremcly efficacious though very costly. The River 
and HarlK)ur Act of July 27, 1916 entrusted the 
Mississippi Commission with the control of the Ohio 
river for about a length of 100 miles. 

It was, hc»wever, gradually appreciated that the 
jurisdiction of the Mississippi Commission should he 
wider ciio\igh to cope with the problems, the roots of 
which are seated in the extensive reaches of the entire 
basin. Consequently, the socalled F'lood Control Acts 
(1917, 1923) widened the jurisdiction of the Com- 
mission to almost boundless extent, for, we read in 
the Rci>ort of the President, Mississiiipi Uiver Com- 
mission, “The Act of March 4, 1923, .stated tliat the 
Conuiiission jurisdiction for flood control work ex- 
tended from the Head of the Passes to Rock Island, 
and up the tributaries and outlets of the Mississippi 
River so far as they might be affected l)y Missis.sipi)i 
River flocxl >Yaters“.'* (p. iq) 

“The present flood control operations include 
the establishment of a hydraulic lal)oralory. This 
laboratory known as the Walem'ays Kxpurimcnt 
Station, is situated at Vicksburg under the direct 
supervision of the office of the President of the 
Mi.ssLs.sippi River Commi.s.sion. Here experiments and 
studies are carried 011. The solution of river problems 
by the use of models is undertaken on a large scale. 
The establishment (if the laboratory does, however, 
provide for the systematic and continuous prosecution 
of such work and insures the i»reservation and proper 
evaluation of results**® (p. 21), The Waterways lix- 
periment Station covers an area of some 250 acres 
where the physics and engineering of the Mississippi 
River is elaborately studied in order to evolve 
methods of flood control, navigation, irrigation, etc. 
There are dozens of such hydraulic laboratories in 
IT. S. A. to look after their rivers which arc the great 
assets of the country. 


Othkr River OK(i.\.\iSATiON.s 

The different parts of the river and its tributaries 
have been put in charge of relcvent bodies, for in- 
stance, “From Port Hads to the head of the Passes 
the river works are in charge (jf an officer of the 
Corps of U. S. Engineers, directly responsible to the 
Chief of Engineers, T.^ S. Army. From the head of 
the Passes to Cairo, a length of i,obo miles, the ex- 
penditure of appropriations granted by Congress is 
under the control of the Mississippi Commission, who 
are responsible to the Chief of Engineers for the con- 
servation of this length of the river, known as the 


Lower Mississippi. From Cairo to the mouth of the 
Missouri River consti lutein a separate charge held by 
an officer of the U. S. Corps, under the Chief of Engi- 
neers, the present incumbent. Major Handbury, being 
also a member of the Mississippi and of the Missouri 
Commis.sions. The Mis.souri is managed by a separate 
Comini.ssion. Tlie other tributaries are held as sepa- 
rate districts by officers of the Cories of Engineers 
directly under the Chief of luigineers.**^ 

Thougli not included tii the Mississippi system, 
the Colorado River' Cointiiis.«5ion in California is res- 
ponsible for taming the river and for the construc- 
tion of vvorhPs largest the Boulder Dam. 


SuMK OV THE RKCURI) Fl,(XJlJS IN THE MISSISSIPPI 

The following table shows I lie flood discharges 
recorded in several years. 


TAIlbK, ir 

i«*U)01> DiSCHAKGKS in THK MlSSlSSriTl ilKtWKKN 
vSt. I^ouis and Columbus 


Year 

Mississippi 
discliarge at 
St. Louis 

Ohio (lisclinrge 
into Mississippi 
(cusecs) 

Mississippi 
ohserved a1 
Columbus 


(cusecs) 

(cusecs) 

1897 

283,000 

1,240,000 

1,462,000 

1903 

377,000 

1,016,000 

1,483,000 

1912 

592,000 

1.110,000 

2,015,000 

1913 

.323,000 

1 ,.39.5,000 

2,015,000 

1922 

311,000 

1,137,000 

1,501,000 

1927 

800,000 

814.000 

1,728,000 


The flood of 1927 was extremely devustating 
when two major flood waves preceded the maximum 
wave from Cairo to Carrollton. In the *Slatcs of 
Kentucky, Tennessee, and the northwestern part of 
Alabama iirecipitation averaging 9 to ii inches was 
experienced during the month of Dccemljcr, 1926. 
This excessive rainfall caused a maximum stage of 
26’ I feet and a discharge of 13,000 cusecs in 
the Tennessee River at Florence, Ala (a distance of 
256 miles above the mouth) and a stage of 56*1 feet 
and a discharge of 235,000 cusecs on January i, 1927, 
in Cumberland River at Nashville, Tenn. (193 miles 
from its mouth). Rapid rises in all Arkansas streams 
and in the Yazoo River also ensued as a result of the 
heavy December rains in Arkansas and north-western 
Missis.sippi. 

In the Lower ^Iississip[>i Valley 18,268,780 acres 
or about 7,0,500 sq. miles of land were completely 
flocnlcd. Over 800,000 people were driven from their 
homes, 313 lives were lost, and the total damage to 
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properties was estimated to be 6o million pounds or 
some 90 crorcs of rupees.^ 

TABLK III 

FLOOD Disckargks ot Tai Lowkk Mississippi in 1927, 
AND thk Maximum Prquabls Fi<ood anticipated in the 
Flood Control Project— Act of May 15, 1928. 


Station 


Cairo 

Helena 

Arkansas City 
Vicksburg 
Red River T^g. 
Carrollton 


Notes : (a) Birds Point New Madrid floodway wille carry 

450.000 cusecs of this discharge. 

(h) Of this aggregate discharge, from 900,000 to 

1.250.000 cu.secs will be carried down the Boeuf 
flood way. 

(c) In addition to this discharge down the m.'iin 
river channel 1,500,000 cusecs will be carried 

. down the Atcliafahiya floodway. 

(d) In addition to the discharge past Carrollton, 
the Bonnet Carre* floodway (above Carrollton) 
will carry 250,000 cusecs. 

(e) Docs not include discharge down Atchafalayu 
River. 


Food Discharge ! 
(cusecs) ; 


1,800,000 

1.696.000 

2.472.000 

2.278.000 

1.779.000 (e) 

1.730.000 


Mas. Probable 
Flood 
(cusecs) 


2.250.000 to 

2.400.000 (a) 

2.850.000 (b) 

1.500.000 (c) 

1.250.000 (d) 


. M.iiTm»i)S Rrcommhndkij for Kivj'R Tkai.mnc; 

In 1931 a review on the flood coiitml of the 
Mississippi was prepared by the Chief Engineer, War 
Department, U. S. A., in collaboration with all 
authorities which come under his direction, which 
consist of the division engineer, Lower Mississippi 
valley divi.sion, assisted by his district engineers ; the 
Mississippi Kiver Commission ; and finally the Hoard 
of P^ngineers for Rivers and Harbours. Other Ixxlics 
including the U. S. Agricultural Department also co- 
operated. This report containing technical data and 
costing on the projects, etc. was submitted to the 
Committee on Flood Control of the House of Repre- 
sentatives of the Congress. 

The main lines of recommendations of the various 
bodies may be summarised as follows : 

I. Levees or Protection embankments. — Al- 
though the protection embankments are essential for 
keeping the flood waters in bound in its main course, 
their cflicacy is limited. The report of the Board of 
Engineers for Rivers and Harbours notes “Levees 
high enough and strong enough for this purpose 
(flood control) would be impracticable from an engi- 
neering standpoint, would be prohibitive in cost, and 
would greatly increase the flood hazard.*’® (p. 25). 

As we have reviewed in its history, the embank- 
ment system is very old so that their maintenance or 


some new constructions are comparatively easy. * 
Levees of compromising dimensions, along with other 
methods of river training, have been generally re- 
commended. 

2. Ploodways and spillways . — Leveed channels 
to lead off excess flood waters are effective to reduce 
the thrust of flogd. This would effectively include 
canal system for irrigation. 

3. Reservoirs. -“This method of flood control 
was considered at great length in the preparation of 
the original rejwirt. The whole IMississippi watershed 
was studied. It was found that a system of reser- 
voirs could be built on the headwaters of the Iriliu- 
tarics of the Mississippi which would make substan- 
tial reductions in the fl(M)d heights on the river, but 
the cost of such reservoirs would be well over a 
billion dollars.*’® (p. 24). 

According to the report of Brig. (icn. *i\ JI. 
Jackson, Division Engineer, I,ower Mississipin Valley 
Division, we find about 270 dam sites were investi- 
gated in While River, Arkansas river and Red River 
basins. Of 13 possible sites on llic White River basin, 
the most desirable combhialion consisting of eight re- 
servoirs would cost 1 23', 835, 000 dollars. 'I'his system 
would reduce flood heights on the Mississippi for a 
IQ27 flood 2’35 feet at the month of the White River. 
The storage provided 10,464,000 acre feet (i acre-fl. 
”4di56o cii. ft.) would reduce the contribution of 
the While in a 1927 flood 164,000 cusecs. 

On the Arkansas ba.sin 28 dam .sites out of 130 
were found to be practicable. “The system embracing 
the 28 reservoirs would provide a capacity of 
12,730,000 acre-feet and would stt)re only about 40 
]»er cent of the 1927 Arkansas flood flow. Their 
agregate cost would be about 137 million dollars. 
More complete and iK»sitive control of tlic Arkansas 
would be secured by a single reservoir located just 
above Little Rock. Such a reservoir would have re- 
tained the entire 1027 flood with 20 per cent capacity 
in reserve. Its capacitv would be about 20 million 
acre feet, exactly equal to the inaxiniiini c.stiinatcd 
capacity of the Boulder Canyon project, its cost 267 
million dollars.**® (p. 48). 

On the Red River basin 13 sites were found to 
be suitable. “In the sy.stem of 13 most promissing 
reservoirs selected a capacity of 31,310,000 acre-feet 
would be provided at a total cost of 157,018,000 
dollars. . . . Such a system would retain about 80 
IKjr cent of the total maximum flow from these 
stremes into the Red River backwater. This would 
reduce a 1927 flood by about 190,000 cusecs at the 

• The average unit cost of levee construction is about 
25 cents per cubic yard. About 201 million cubic yards were 
constructed between July 1, 1928 to Dec. 31, 193*1, auioniit- 
ing to an expenditure of about 50 million dollars. (Ref. 3, 

p. 188). 
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peak of the Mississippi flood at Red River landing 
and the siiperflocKl at its peak at the same iK)iiit from 
3<.x>,ooo cusccs to about 60,000 cusecs.**® (p. 48-49)- 

Reservoirs are becoming more and more popular 
in river engineering practice in America. “Reser- 
voirs provide a method of flood control which has re- 
ceived wide and serious consideraticHi. From a strictly 
engineering standpoint, the reservoir is perhaps the 
soundest method for flood control. Reservoirs may l>e 
construclcd and mainlaincd with greater certainty and 
safety than any other flood work.***' (p. 289). 

It may, however, be noted that the large number 
of dams suggested in the various flood control pro- 
jects could not be undertaken for execution all at a 
time owing to their high installation costs. U. S. A. 
notal)le for world’s largest dams,* builds her huge 
artificial lakes for flood control, irrig.'ition, naviga- 
tion, water supply and electrification, in course of 
many years, under long-term plans. 

4. . 4 //orivsffl/ioM.— Although afforestation of bare 
lands are not directly concerned with flood control, 
the case should be strongly recomiueiided for pre- 
venting erosion of valuable cultivation land. The 
problem of soil conservation has been a very ijiiport- 
ant item both in agricultural and river training 
sciences. The problem is more serious in the hilly 
undulated tracts of U. S. A. and China, and those of 
the peninsular countries of India. In this connec- 
tion the report of the ^lississippi Flood Control re- 
marks as follows : 

“There has been much discussion as to the effect 
of cultivation and forestry on floods. The improve- 
ment of the methods of cultivation to avoid erosion 
and to conserve ground water, and the forestation of 
bare areas, both appear to retard or diminish run-off 
and are to be most strongly encouraged for their in- 
trin.sic value, 'fheir effect on floods is too indeter- 
minate in positive result to be relied upon for a cure 
of the great evil of mighty flood. Yet no help .sliould 
be cast away or discouraged.”* (p. 5) 

Not only that afforestation protects the valuable 
soil of the country but it also prolongs the life of the 
dams by holding off eroded soil, sand and detritus 
which might otherwise fill the reservoirs at more rapid 
rate. 

In India the soil conservation problems arc more 
serious for the peninsular countries (including 
Damodar basin) where the soil is more liable to erosion 
due to the nature of the soil not properly covered 
with vegitation and under the forces of hill streams. 
(^11 the otherhand the great plains of India which 
take the mighty i)arennial rivers has the grave pro- 
blem of meandering and caving of l)anks, and silting 
in the sluggisli flow at the flatter plains, similar to 
those of the I^ower Mississippi Valley. 


5. Drcdgiwg.— Systematic dredging, particularly 
ill the Lower Mississippi lias been found to lx; very 
effective in maintaining navigation route in the lower 
reaches, and the method has been strongly recom- 
mended by the authorities.* 

6. Strengthening and stiffening of 
river banks below water level (revetment) has been 
recommended strongly but applied only sparingly 
towards the mouth of the Mississippi, as the cost of 
revetment is almost prohibitive. 


Tiik Trnnksskr Valley Authority 

In IQ33, yet another organisation was established 
to tackle the problem of the Tennessee river 800 
miles long, wliich is the largest tributary of the Ohio 
whicdi, in its turn, flow's into the Mississippi. 

The Tennessee River influences the agricultural, 
economic and industrial life of the basin 40,600 s(|. 
miles in extent and inhabited by two million t>cople 
on the lower valley (agricultural) and some four 
million towards the upix;r reaches (industrial). The 
t>rincipal agricultural products of the valley arc 
wlieat, maize, cotton and tobacco : Dairying and 
sheep farming arc also carried on. Mineral resources 
are abundant at the upper reaches where iron 
and copper ores arc mined. Industries include iron 
and steel, flour, cotton-.secd oil, timber, etc. 

The Tenne.ssee river creates frciiucnt flood havoc 
in the basin and is similar, from certain points of 
view, to the hill streams of the tropics. The river 
rises from the Appalachian mountains and runs quite 
steep at the start. It has an average slope of about 
I ft. per mile between Knoxville to Chattanooga, and 
about 7 inch per mile from Chattanooga to Wheeler 
Dam. The low'er valley of the Tennessee is only a few’ 
hundred feet alx)ve sea lewd. The upper catchment 
areas on the Appalachian highlands receive torrential 
rain from the storms coming from the Gulf of Mexico 
during the months of December to April inclusive. 
Again, thunder-storms, coming from the west, occur 
during the West Indian hurricane season from July 
through November. During these summer months 
the storms come without warning, release torrential 
downpours into the drainage areas of the Tenessee 
and a number of its tributaries. 

“The Act of Congress in 1933 creating the 
Tennessee Valley Authority (T. V. A.) has granted 
broad i)owers for the fulfilment of a project, the first 
of its kind in American history, calling for the com- 
plete development of an entire watershed. ... A 
mean annual rainfall of 51*2 inches, amounting to 
about 145 billion tons of water, takes its toll of the 
river valley annually to the extent of about 2,000,000 
dollars in flood damages. Furthermore, the river has 
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carried downstream untold millions of tons of eroded extending over approximately 37 miles of ri\er hed, 
soil during these seasonal ^wctiiations, building up is 134 feet, only feet less than Niagara 
sandbars and reducing the river ‘s effectiveness as a All the above projects arc the undertakings of 

navigable water-way. the Central Government and the Provincial Clovern- 



PiG. 2. Contour of the Reservoirs are shown : those completed are patched black ; those under pioject are only 

contourecl.— (Reproduce<l from ‘Wonders of W'orld Uiigiiiceriiig\ Vcd. 3). 


“The authority’s answer to these problems is a ments which are directly concerned, and are planned 
two-way control program. On the one hand it checks <>« « l)crTnanent national basis. No piecemeal work 
erosion at the head-waters through forestation vital problems of the rivers of a 

measures, and on the other, it controls the river itself country, and tho cost of the remedial projects shotihl 

through an integrated system of storage and nm-of- in; gauged not by its figures alone hut against the 

river dams. Jitorage dams on the large tributaries, recurring loss of life, property, and reyemie of tlie 

such as Norris Dam on the Clinch, will hold back the river basin. 

mn-off during the rainy ^>ason, thus levelling the N„tonly that 'saving* indirectly means ‘earning’, 

flow of the river for navigation and flood control, direct returns of the outlay are obtained 

Rnn-of-river dams, such as Wilson Dam and Wheeler various forms under the river training projects. 
Dam, in the Muscle vShoals area, graduate the flow Highways, water-works, etc. «in be improved at the 

of the main stream through a scries of long narrow embarked river sides and hydro-electric iwver 

lakes which further reduce flood dangers and are stations can be built by the side of the storage dams, 

useful for water-borne trafne. From Knoxville, example, the Wheeler power lif)use was planned 

Tennessee, to Paducah, Kentucky, the Tennessee ultimate installation of ei.ght main generating 

drops 505 feet ; narrow stretches of deep water cmi- having a total ca]Kicity of 2^iS,ooc.) kilowatts, 

nected by navigation locks will carry river traffic Xorris Dam 011 the Clinch River is S3 sq. miles in 
down a gigantic stairway 650 miles in length. to hold 3.^00,000 acre-feel or 1,56,800 million 

Wheeler lake, one of the steps in this stairway, will water which may be released when the 

be 88 miles long. ‘mother river* drops. This will make the river 

“The Muscle Shoals area in the Tennessee River i>creniiial as well as generate alxmt 132,000 kw. of 

is one of the nation’s great hydro-electric jjower electrical riower. The estimate of the T.V.A. in 1035 

sites. . . . The greatest fall in this series of lapids, showed that W’ilson Dam could be utilised to generate 
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a inaxiniuiii electrical j)o\ver oiupiit of 200,000 kw. 
The Tennessee Valley Authority is building seven 
high navigation clams, with resulting bcneHt of flood 
control and water power in addition. 

It should, however, be borne in mind that one 
and the same reservoir cannot be effectively used for 
flood control as well as for power production. For, a 
flood controlling reservoir should be kept empty to 
receive the influx of flood water, whereas, a powei 
dam is required to be kept full for driving the 
turbines. Nevertheless, flood ccnitrol dams may be 
well utilised, at times, for power production, when 
the store of water is released to emptiiic.ss. On the 
other hand an auxiliary power dam may also be 
located adjacent to a flood control dam. Norris Dam, 
for example, is primarily a storage clam for feeding 
the river with perennial flow when the mother river 
drops. During this period of the year, when the 
stored up water is released, it generates an electricity 
of 132,000 horse-i)Owcr.* 


IxoNoivfics oi' Fr/KU) Control Funninc; 

Apart from the necessity of sound technical 
knowledge of the hydraulics of the river which is to 
be controlled, the r|nestion of layout cost and mainte- 
nance cost are of .serious consideration, and in most 
cases the economic question become the guiding 
factor in planning a flood control project. 

As has been already said, the co.st should not be 
gauged by its figures alone. The i)rinciple of 
economy requires that the costs of erection and 
maintenance of a remedial measure should be reason- 
able as compared with the value of benefits derived 
therefrom. 

To evalnnte such benefits a systematic investiga- 
tion is required to find (/) total damage caused by 
different types of flo()d and their frequencies of octnir- 
ence and («') possibilities of further exploitation of 
the ‘trained* river to add to the wealth of the basin. 

As to the first point, the damage should include 
loss of agricultural products, damage to cultivation 
land, damage to houses and buildings, loss of live- 
stocks, loss of human lives, damage to other pro- 
perties, damage to highways, railways, bridges, etc., 
damage to industrial areas, loss by dislocation of 
traffic and transport, etc. The next point, the direct 
benefit obtainable by a flood control project may 
include improvement and establi-shment of water 
works, building of highways, establishment of hydro- 
electric power stations, water mills, improvement of 
irrigation and consequent raising of more crops, 
widening of waterways aud river borne trade, etc. 

The evaluation of the total benefit expressed in 
terms of money-value and its interest thereof will 


immediately tell us whether a flood control plan is 
justified or not. Nol^y would justify spending 
millions and billions of dollars over the Mississippi 
training projects, of the T.V.A. activities, or in the 
making of the I’oulder Dam, unless he k^uges the 
total national benefits derived out of these projects. 

CoMrARISON OV TllK ThnNHSSEK AND THE 
Damodar Basins 

The natural conditions of the Tennessee River 
ill America and the Damodar River in India are very 
.similar. Both of them flow through extremely fertile 
land in the lower basin, inhabited by dense popula- 
tion, have rich minerals toxvards the upper reaches, 
and arc visited by sudden and catastrophic floods. 

TIic lessons taught by the Tennessee floods have 
evolved gigantic engineering methods to tame the 
fury of the river and lo feed the river with perennial 
flow at other times of the year. The vast amount of 
water carried down by the river during flood months 
has been welcomed, during the later developments 
of etigineeriug feats, to serve the people living on 
the ba.sin by widening the water route, dcvcloiiing 
cheap electric power for industries, and supplying 
water for irrigation and drinking purposes. 

The natural bed of the Tennessee river is far 
from being navigable as it takes a number of ‘rapids* 
or steep slopes at many points. The Wheeler and 
Wilson Dams smooth out llie steepest part of the 
river bed which drojis more than one Imndrcd feet 
ill course of some fifty miles. Locks have been pro- 
vided to manipulate the water level for navigation 
across such rapids. A river traffic of about 3,000,000 
tons are at present carried along the river, and the 
T. V. A. expects to increase it to 17,000,000 tons 
per year by 1950. 

The upper catchment of the Damodar River 
at the Cliotanagpur hills receives torrential 
downpour from sudden monsoon s(iualls and 
rain storms rising from the the Bay of Bengal, -a 
case similar to that of the Tennessee receiving violent 
downpours on the Appalachian highlands due to the 
monsoons from the Gulf of Mexico. The methods 
of flood control in the Damodar has been resorted 
only to the embankment systems which are built on 
ad hoc engineering methods (details have been dis- 
cussed in a previous article publi.shed in ScifiNCB and 
Culture.*) No question of navigation has ever been 
thought of, on the ground, probably, that the river 
is too furious to be navigated, and is too low during 
other months of the year. The slope of the natural 
river can be controlled by putting water locks to 
facilitate navigation in the river. 

We have seen that the fury of the flooded 
Tennessee has been tamed down by a chain of large 
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number of reservoir dams— each several miles in 
length, and the lower valley have been protected by 
levees. In the Damodar, however, no attempts have 
been made to construct dams at its upper reaches and 
on its powerful aillucnt the llarakar Uiver. Two 
picas were put forth against the construction of dams : 
first, high cost ; and secondly, the possibility of water 
seepage into the adjacent mines in the Uihar reaches 
of the river and its tributaries. Subsequently, how- 
ever, the objection on the geological fault of the bed 
was removed by the Director of the (rcological 
Survey department, on his closer examination'" of 
the site (Parjori) between TQ26-2f). The upi>er 
reaches of the Tennessee lie in the important mining 
districts of U. S. A., and dams have been constructed 
on the river with no damage to the adjacent mines. 
Even if there is any chance of seepage due to faults 
in the rock-beds at the dam sites, they ma\' be cured 
by grouting,"'" with cement concrete, as has been 
done at the Norris Dam by the T. V. A. 

The Damodar basin lies in a part of the country 
which demands badly a perennial stream for irriga- 
tion and navigation. It is most unfortunate that the 
ill-planned levee system of the Damodar has deprived 
the land of obtaining water from the river for irriga- 
tion, and while the tract is capable of raising a 
number of crops in a year it actually raises only one 
and that also under the constant threat of fl(K)d. 

Dams coiislructed at the upper leachcs can save 
both flood hazards dnd can prolong the flow up to 
the autumn crojis. The problems of flood control 
and of making the river perennial go hand in hand 
and we have already seen how the T. V. A. has 
solved the i)roblems. The (pieslion of navigation 
can be made possible to facilitate trade aiuUtransport 
ill the important rice districts and mineral fields 
coal in particular, which lie close to the Diuiiodar 
basin. There is abo great scope for developing hydro- 
electric JIOWLT. 

The integrated problem of flood control, irriga- 
tion, navigation, fhisbiiig of the country sides to im- 
l>rove malarial conditions, etc. can be tackled by an 
organisation of scientists and other oflicials to form 
a Damodar Piver Cominission or the like, in the 
manner of the Tennessee Valley Antliorily or the 
Mississipin River Commission. Since the Damodar 
River and its iniporlant tributaries flow through 


Ifiliar and Ileiigal, both the Provinces have got t«) 
cooperate in the improvement project under the 
general supervision of the Central Covermnenl. 
Such an organisation is badly nceiled to improve the 
Damodar, basin. Hydraulic Daboralories should also 
be brought into existence to deal with the Dannjdar 
training ])robleins scientifically. 

C(lNCI.USION 

The present article which reviews the activities 
of the Mississippi River Commission, the Tennessee 
Valley Authority and xarioiis other bodies, all work- 
ing liarnioniously to inomote the condition of the 
largest river system nr the world, shows how they have 
been organised by the (Government of the IT. vS. A. 
on a solid national basis embodying far-sighlcd plans 
and long-term i)rojeets which are based on scientific 
principles. The training of the rivers and the 
improvement of the basins have been dee])ly recog- 
nised to be the responsilnlily of the (Government of 
the country, as the wealth and prosperity of the 
coiintiy depend largely on the proper maintenance 
of her river system.* 

]try tliniiks .irc diic to Prof. M. \. S.'iha, P.K.,S., and 
Dr N. k. hose, Pli.D., Director, River Researeli Institute, 
Reiigal, fnr their kliul iiileresL ami v.'duaWe siiggcslioiis in 
preparing this article. 
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DR. WILLIAM BURNS 


Dk Wii.i.iAM Pi'KNS, C.l.I'"., U.Sc., lias lately 
retired from the ofliee of the Ai*rienltiiral Coniinis- 
sioiier with tlie Imperial Coiiiieil of Agricultural 
Research under ihu (lovernmeiit of India, lie has 
served the cause of a.ericulture in India in various 
capacities. After survin.e for a short period as a.ssis- 
tant lecturer tt> vSir Frederick Keeble (then Professor 
of Holaiiy in the I nive^ity of Readiuj:) he entered 



Dr W. IlruNS. 

the Indian Aejicullural Service in luuS and was 
api)oiuted Fcoiiomic I’otani^l and Professor of Rotany 
in the College of Ai^riciiltiire, Poona. Dr Purus 
threw himself heart and soul into the teachiiijn of 
students then drawn from every corner of India and 
even beyoml it. Many of these are now holdin.e: hiiih 
positions in a.i>ricultuial and revenue services of many 


provinces and States. He also look active part in 
athletic side of tlit* activities of the institution. He 
took an active interest in military training and during 
the last war he commanded the Poona Divisional 
School of Musketry until iqk) when it was demobi- 
lised. In 1022, he became principal of the Poona 
College of AjLiriculture and in 1032 became the Director 
of A.ericulture, Pombay. In lO.V?, Dr Purus was 
appointed Ajuricullural Expert with the flovernnient 
of India (title later chanj^jed to that of Ai»ricultural 
Commissioner). lie thus became one of the Head 
C'uarters staff «»f the Imperial Cf)uucil «)f AL;rieullural 
Research and in this capacity he has done wry useful 
\\t)rk not rmly as regards the action of ihe council 
itself but also in relation to the w«)rk of the Indian 
Central Cotton Committee, Indian Central Jute Com- 
mittee and other lR»dies. In the dischari.w‘ of his 
othcial duties he had to tmir the .uriMter ])art of India 
aiul his wide experience of a.ericultural cmiditioii in 
India and knowled.i’e of a.i»ricuUural matters have 
enabled him t») render very u'ieful service lo Indian 
Aj;rie\dture. lie has been a taolitie writer in ae,ri- 
cultural, liotanical and horticultural matters. These 
papers will be found in the pa>.:es of hidiiiii Journal 
of J^fricullur^\l Scimer, A;;riculliuv and Livestock 
ill India, hulian luirniiu): and varmus »)tliei publica- 
tions. lie was twice elected president (d tlu* newly 
formed Indian v^ociety of Plant Preedin.e and tieiielics 
and delivered the presidential address to the Society 
in Delhi this ye.'ir (n-M l) on the ‘'iVachinv; n{ Plant 
C'lenelics*. Dr Purus was awarded the D.Sc. deiirce 
of the riiiversily of Fdinl)un;h in igi |, and the 
(Government of India bestowed on him the C.I.IL in 
ni^c). He reliiKiuished the |>ost of A.ericultural Com- 
missioner on Au.eust 22, ig|.^ and was thereafter on 
special duty for two mouths. His seieulilic eonlri- 
butioiis were mainly in l!.e realms of plant j^eiielics 
and the imi)rovement of lands. He edited and 

wrote Section IV of the hi.ehly popular bt)ok “Sons 
of the Soil’*, of which the second edition is now ex- 
hau.sted and the third in the press. 
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OBITUARY 

ALES HRDLICKA 

Accordinc; to a ivport of Science, SoptomlKT 17, 
i()4;;, death has omirred nf Dr Ales Hnllicka, the 
distinj* lushed authropolo‘'ist aiul curator of the Divi- 
sion of Physical Anthropnl()j,*y of the V . S. National 
Miiseiuii. A native fif Poheiiiia, Dr Ilrdlieka studied, 
worked and ]>assed liis eventful life in America. lie 
received his early Irainin.e in medicine and obtained 
a dej^ree at the Meclric Medical Colle.ee ol the C'ity 
«»f New York in and aiH)ther from the New 

York Homoeopathic Medical Cnllej^e in iSg^. lie 
joined the stall' of the Stale I lomoeopathic Hospital 
for the Insane at Middletown and also became affiliat- 
ed with the Patludo.eical Institute of the N. Y. Slate 
Hos]iitals. 

He .eiradually became mme interested in anthro- 
pnlo.t'y in which science he has left his indelible mark. 
In 10 *3, he l<ecame assistant curator and in ioK> 
curator of the Division of Phxsical Anthrop«»lo.uy of 
the r. S. National Museum. In this capacity he 
]»ublished several (jii.einal articles and books. lie 
founded the .Inuiiean Journal of riiysical .InUiro- 
l^olojiiy, of which he was iMitor from lOi.S to 1012, 
and established tlu; American Association nf Physical 
Anlhropolojiists in m’O, of which he was president 
from K)2«i to 10.’^ 

Dr Hnllicka made extensive tri])S all over the 
world for field work in his anthropological investi- 
.liations. He was the recipient of many honours and 
honorary de.mees. He became Chairman <»f the 
Anthropolo.iiical Siiciely of W’ashin.i’lon (i()o7), of the 
American Anthropological Association {n>25-i020). 
and f)f the Washin.Lilon Academy of Sciences (n)2o). 
He was a member of the National Academy^ of 
Sciences (lO^u) and of the American Philosophical 
Society. 

SCIENTIFIC RESEARCH IN GREAT BRITAIN 

Tn the British House of Lords on July 20, there 
was a continuation of the debate on a motion by 
Viscount vSamuel calliiijn; attention to the need f«)r 
the further exi»ansion of .scientific research. Lord 
Dawson pointed out that “It was difficult to over- 
stress tlie importance where science was concernc<l — 
and this apidied cfiually to medicine -of preventing: 
the eiuueshmeiit of any research body in the close 
entanjjlement of a Ciovernment department. One of 


the chief reasons why these research bodies should 
receive further sii]»port was that they succeeded in 
combinin.e: .uood order in the work of men of ability 
with freedom for scientific iiivesti.Liation”. 

Lord Cherwell said in jiart '‘that the importance, 
from the ec<»nomic point of view, of fosteriii.i; pure 
fundamental research ctnild luU be overlooked.” 

The Government recognized that i»uiv research 
must be, in a lar^i* measure, its iesp«r.i--ibilil> ainl 
must be done at the universities ; but nalnrally, they 
also wished to eiicoiira.ee induslr\ to spend money 
on puie reseaieh. It was the ( lovi-rnineiil’s iioliey 
and intention to increase its aid for research, and it 
wtaild welcome any developments of industry in a 
similar direction, ^riie treatment f>f .scieiilists in the 
Civil Service had been menlijjiied, and he frankly 
admitted that the Civil Service had not hitherto 
shown due re.i.iard for the contributit»ii scientists were 
makin.c to the natitm’s welfare. This matter had now 
been le viewed, and aji investijL;alion had been in 
pro.iii'ess to make Mire that the conditions of service, 
]»ay and pn)S])ecls of ('lovernnient scientific einplovees 
compared favourably with those on the administrative 
side. He hoped that a definite aiimmncemeiil «)n these 
reforms mi.i’hl be made before Ion;.*, 'riieiv were pro- 
bably not move than a few (h)/.en physicists in Great 
Britain capable of evolvin.52 ainl develojaii.e new a]>pli- 
cations of, say, the various radi«) devices on which 
success in this war very largely depended. INerv 
one wouhl a.mee that it was an anoinalv h) pay them 
on lower sc.Mles than men <jf eJjual educational status 
who, because they had distin.i4uished themselves in 
what were usually called “humane” subjects, were 
often .uiveii war jobs of much higher status and pay 
than the scientist. Scii v.cr, \'ol. qS, No. 2.S.I1. 

The contact c)f research workers and re- 
search ori'anisations with the hi.ehesl administrative 
circles of the Government rs. the Cabinet has .eone 
still higher. In course of the war, a i»ure scientist, 
Prof. F. A. Lindemaii, sometime Professor of Kx- 
Ijerimental Physics in the rniversity of Oxford, now 
Lord Cherwell, has been taken in the Cabinet as 
Pay blaster Giciieral and wc believe one of his func- 
ti*>iis is nut to allow his collea.s’Ues of the Govern- 
ment to .en)w lukewarm .about the importance of 
research, to .eet money for research and to see that 
basic principles which lead to efficiency are not sacri- 
ficed . 
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ARDESHIR CURSHETJEE— THE FIRST INDIAN FELLOW 
OF THE ROYAL SOCIETY OF LONDON 

It was so lon.i» believccl that the late Mr S. 
Uumaniiyani of ^ladras was the first liiclian to be 
elected to the Fellow r>f the Royal Society f)f London. 
Prof. A. \'. Hill, vSecrctary of the Royal Society, 
however, disi’overed from the archives of the society 
that the first Indian to be elected to this honour was 
one Mr A. Cnrsheliee in 1841. Nothiiii* was known 
about him, however, and at the rc(iuest of Prof. Hill, 
Sir R. P. Masani, lately Vice-Chancellor of the 
l.^ombay University unearthed the folhiwinir life his- 
tory of Mr Curshetjee. 

Ardeshir Curshetjee was born in 1S07 in the city 
of Hombay. In 1S22 he served under his father in 
(lovernnient Dock-yard and became Assistant Ihiilder. 
In he built a small steamer Indus*’ in the 

May.aji’oii Dock and iicrsonally fi.xed up all machinery. 
He is reported to have made experiments in connec- 
tion was nas lijilitin^ and to have fixed up all pipes 
and j>as machinery in his bun.i-ahnv at Maza.eon, 
Poinbay, and it is recorded in Parsi annals that 
the I'arl of Clare, Ciovernor of Pombay, inspected the 
installation on 10th March, 1834 and j^ave him a 
“Dress of Honour”. In t 8.^6 he was appointed non- 
resident member of the Royal Asiatic Society of 
(ircat Hrilain and Ireland. In iS^g Ardesir 
Cursetiee went to I'n^laiid for further studies in 
mechanical en.eineerin.u:. There his services were 
eiif^aKcd by the Court of Directors of the Hast India 
Company in the workslnip of Messrs. Wards and 
Keppel. Tile chronicles further state that he was 
introduced to Queen \Mctoria on the ist July, 1S40 
and that he thereafter published a book of his notes 
re.eardin.e his travels in Fn.eland. He returned to 
Pomliay in i8/|r and was appointed Chief Itneineer 
of the Steam Factory anil hNnindry on a salary of 
Rs. boo/-. In he was elected \’ice-President of 

the Mechanics Institute. He went to Kn^land for 
the second time in 1S51, was made a Justice of the 
Peace in 1S55 and retired on ])ension on ist Aimust 
1857. In 1.S50 he went to lMiJ*land for the third 
time and in i8bi was appointed Chief Resident Fnj»i- 
neer of the Indus Flotilla Company at Karachi, and 
there he built three or four steamers navi.^able in the 
Indus. In i8(v(, he went to Kimlaiid for the fourth 
time and passed there the rest of his life until his 
death on 16th November, 1877, at the aj^e of seventy. 


DAMODAR FLOOD ENQUIRY COMMITTEE 

Thj? DauKKlar Flood Knquiry Cominiltee con- 
stituted by the Oovernnicnt of Rental to advise on 
permanent measures to control floods in the Damodar 
river recently held its first ineetinK, with the 


Minister for Communication and Works in the Chair. 
The Committee has been constituted with the Maha- 
rajadhiraj of lUirdwan as its Chairman and Dr M. 
N. vSaha, Professor of Physics, Calcutta University, 
Mr C. C. Inglis, Director, Central Irrigation and 
Hydrodynamic Research Station, Poona and Rai 
Bahadur Kanwar Sain of the Punjab as smne of its 
distinguished members. An aerial map of the 
Daniodar river covering a length of So miles was 
exhibited at the meeting. 

The Hon’ble Minister, in course of his address, 
drew allention to this once prosperous track of 
Bengal, which has now become a moribund land 
with malaria taking a heavy toll every year. He 
wanted the Committee to advise particnlarly on the 
reiKirt which was .submitted nearly 21 years ago by 
^Ir Addams- Williams and ]\Ir Glass on behalf of the 
Giivernmeiit. The above expert emiuiry ordered by 
the Government of Bengal under pressure of public 
opinion lasted for over seven years, and the recom- 
mendations were published in a pamphlet issued by 
the Government. The recommendations, according 
to the Hon’ble Minister, deserve serious considera- 
tion in the working out of any future ])lan of action 
to prevent the incidence of .such floods in the 
Daniodar river. He referred to the Tennesse Valley, 
U. S. A., which offers the nearest jiarallel to the 
Daniodar. 'Phe Tennesse Valley Authority created 
by the Government, in lo.^.L have spent within the 
last ten years al)out 37 million pounds and have 
erected n storage and navigation dams throughout 
the entire length of the river, which have cr)n\viied 
the river into a great perennial navigation cliannel. 
Two huge hydro-electric plants have been erected 
which are producing twice as much electricity as the 
city of Calcutta requires, and an area of half the 
size of Bengal is now prosperous and hapfiy. 

Ill his concluding remarks, he wanted the Com- 
mittee to .suggest long-term remedial measures which 
will include not merely the protection of the Rail- 
way and the Road, but also the entire jiroblem of 
protection, irrigation and health and not one of them 
at the expense of the other. 

He further informed the Committee that the 
Central Government, after the Daniodar Flood 
Fnquiry Cominiltee was announced, had also 
ajipointed a Technical Committee of three to consider 
this important problem. He also revealed that Mr 
Savage, the famous American dam expert is at pre- 
sent in this country and that the Government is 
arranging to make his advice available to the Conw 
iiiittcc. 

Wc furtlicr understand that the Committee has 
recently visited the dam sites in the Hazaribagh 
district. 
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number of reservoir dams-- each several miles in 
lenj^th, and the lower valley have been protected by 
levees. In the Daniodar, however, no attempts have 
been made to construct dams at its upper reaches and 
on its powerful afUuent the barakar River. Two 
pleas were put forth against the construction of dams : 
first, high cost ; and secondly, the possibility of water 
seepage into the adjacent mines in the Bihar reaches 
of* the river and its tributaries. Subsequently, how- 
ever, the objection on the geological fault of the bed 
was removed by the Director of the (xeological 
Survey department, on his closer examination*'* of 
the- site (Parjori) between 1926-29. The iii)per 
reaches of the Tennessee lie in the important mining 
districts of If. S. A., and dams have been constructed 
on the river with no damage to the adjacent mines. 
Even if there is any chance of seepage due to faults 
in the rock-beds at the dam sites, they may be cured 
by grouting, **• ' ^ with cement concrete, as has been 
done at the Norris Dam by the T. V. A. 

The Dnmodar basin lies in a part of the country 
which demands badly a perennial stream for irriga- 
tion and navigation. It is most unfortunate that the 
ill-planned levee system of the Damodar has deprived 
the land of obtaining water from the river for irriga- 
tion, and while the tract is capable of raising a 
luimber of crops in a year it actually raises only one 
and that also under the constant threat of flood. 

Dams constructed at the upper 1 caches can save 
both flood hazards and can prolong the ilow up to 
the autumn crops. The i)roblcins of flood control 
and of making tlie river perennial go liaml in hand 
and we have already seen how the T. V. A. has 
solved the problems. The (picstion of navigation 
can be made possible to facilitate trade and transjK)rl 
in the imporl.'Uit rice districts and mineral ficld.s-- 
coal in particular, which lie close to the Danajdar 
basin. There is also great scope for developing hydro- 
electric power. 

The integrated problem of flood control, irriga- 
tion, navigation, flushing of the country sides to im- 
prove malarial conditions, etc. can be tackled by an 
organisation of scientists and other officials to form 
a Damodar River Commission or the like, in the 
manner of the Tennessee Valley Authority or the 
Missis.sippi River Commission. vSince the Damodar 
River and its important tributaries flow through 


Bihar and Bengal, both the Provinces have got to 
cooperate in the improvement project under the 
general supervision of the Central (.h)vernment. 
Such an organisation is badly needed to improve the 
Damodar basin. Hydraulic I.aboratorics should also 
be brought into existence to deal with the Damodar 
training problems .scieiitificjilly. 

Cnxci.USiON 

The present article which reviews the activities 
of the Mississippi River Commissam, the Tennessee 
Valley Authority and various other bodies, all work- 
ing harmoniously to promote the condition of the 
largest river system of the world, shows how they have 
been organised bv the flovernmeiit of the U. S. A. 
on a solid national basis embodying far-sighted plans 
and long-term i>rojects which are based on scientific 
principles. The training of the rivers and the 
improvement of the basins have been deeply recog- 
nised to be tile respoiLsibility of the. (Government of 
the country, as the wealth and prosperity of the 
country depend largely on the i>roper maintenance 
of her river sy.slem.*** 

• My thanks .uc dne U) l»rof. N. Saha, T'.R.S., and 
Dr N. k, Bose, Ph.l)., Director, River Research Institute, 
Bengal, for Iheir kind interest and valnahle suggestions in 
preparing this article. 
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Dr Wim.iam Purns, C.I.l?., D.vSo., has lately 
retired from the office of tlie Ajiricnltnnil Cominis- 
sioiier with the Imperial C'ohiicil of Ai^riciiltiiral 
Research under the (invernmeiit of India, lie has 
served the cause of agriculture in India in various 
capacities. After serviiiii for a short period as assis- 
tant lecturer lo Sir I'rederick Keehle (then Professor 
of Hotany in the rnive'^ily of Readinj^) he entered 
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the Indian Ai;ricullural Service in and was 

appointed I'eouomic Polanist and Profe.ssor of Botany 
in the L'olle.ee of A.ericulture, Poona. Dr Burns 
threw himself heart and soul into the teachiiis* of 
students then drawn from every corner of India and 
even beyond it. Many of these are now laddinj* hii^h 
positions in ajLiiicultural and revenue services of many 


provinces and States. He also took active part in 
athletic side of the activities of the institution. He 
took an active interest in military Irainiiijn and duriiiR 
the last war he commanded the Poona Divisional 
School of ^Iiisketry until KpQ when it was denK)hi- 
lised. Ill ig22, he became principal of the Poona 
College of Afiriciillnre and in i()32 became the Director 
of A.t!:ricnltiire, Bombay. In 10^0, Dr Burns was 
appointed Agricultural Pxpert with the Government 
of India (title later change*! to that of Agricultural 
Commissioner). He thus became one of the Head 
Quarters staff of the Imi)enal Council of A.ericultural 
Research and in this capacity he has done very useful 
work not only as regards tlie action of the council 
itself but also in relation to the work of the Indian 
Central Cotton C'omniittee, Indian Central Jute Com- 
mittee and other bodies. In the disi*Iiari;e (d his 
olilcial duties he had to tour the irreatei part <»f India 
and his wide experience of a.!4;ricultnral condition in 
India and kiiowIedjLie of atiricultural matters have 
enabled him t<» render very useful service lo Indian 
A.i»ricullure. He has been a prolilic writer in a}.;ii- 
cultural, botanical and horliciillnral matters. 'I'liese 
l»ai»ers will be found in the i>a:2es of Indinn Jouiual 
oj Aj^riculiural SriiHcc, A.ericnltiire and I.ivest«K*k 
in India, Indinn I' arming: ami various pulilica- 

ti<»ns. He was twice elected presidiail «)f the uewlv 
formed Indian S(»ciety of Plant Breedin.i' and lienetics 
and delivered the presidential address to tlie Society 
in Delhi this year {iC)/t/t) on the ‘^iVachin*.^ of Plant 
Genetics*. Dr Purus was awarded the D.vSe. de.i>ree 
of the r,niversily of lulinbnr.eh in igr.), ami the 
Government of India bestowed on liim the C.I.H. in 
1030. He relimiuishcd the post of Agricultural Com- 
missioner on Aui»u.st 22, 1043 !nnl was thereafter on 
special duty for two months. 1 1 is scieii title contri- 
butions were mainly in tl:-* realms «»f plant .eeiietics 
and the improvement of ^ra.ss lands. He edileil and 
wrote Section IV of the hii'hly iiopular book “Sons 
of the Soil”, of which the second edition is now ex- 
hausted and the third in the press. 
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OIJITUARY 

ALES HRDLICKA 

AccoRDINC, to a report of Scicticc, September 17, 
11)43, death has oi'ciirred of Dr Ales Unllieka, the 
distiu.uni^hed anthroi)oloj;ist and onrator of the Divi- 
sion of Physical Anthiopolo.ny of the V. S. National 
Mnseuni. A native of Iiohemia, Dr Mnllicka studied, 
workeil aiul passed his e\enlful lile in America. He 
received his' early lrainin.e in medicine and obtained 
a de^irce at the blectric Medical Colle.ee ol the City 
of New Volk in iSi):2 and another from the New 
Y«)rk Homoe«)palhic Medical Colle.ee in He 

joined the stall’ of the State llonnieopalhic Ibispital 
for the Insane at Middletown and also became aflllial- 
ed with the Pathological Insliliile of the N. V. Slate 
Hospitals. 

He .eradiially bei'aiiie iin»re interested in aiithro- 
pnlo.iiv in which scieiuv he has left his indelible mark. 
In 1003, he became assi' 4 ant curator and in u)io 
curator of the I»ivision of Physical Anthro])olo.i»y of 
the r. S. National Museum. In this capacity he 
laiblished several orie.iiial articles and books. He 
founded the .l/miiriui Journal of I^hysioal .Inlliio- 
t^olo,i>y, of which he w.as i-ditor from loiN to 104.*, 
and established tlu; American Association of Physical 
AnthropolojLiists in loja, of which he was president 
from ig.jq to lo.v.’. 

Dr Hrdlicka made extensive trips all over the 
world for field work in his anthroi)olo,y;ical investi- 
^•ations. He was the recipient many honours and 
honorary de.i'rees. He became Chairman c»f the 
Anthropolo.eical Society of Wa.shin.uton (igo;), of the 
American Anthropoloj^ical Association (ic)25-ig:»()b 
and of the Washin.i'ton Academy of Sciences (ig^g). 
He was a member of the National Academy of 
vSeiences (igeg) and of the American Philosophical 
Society. 

SCIENTIFIC RESEARCH IN GREAT BRITAIN 

Tn the l?ritish House of Lords on July 20, there 
was a continuation of the debate on a motion by 
Viscount vSaniuel calHiijv attention to the need for 
the further expansion of scientific research. Lord 
Dawson pointed out that “It was difficult tn over- 
stress the iniiiortance where science was concerned — 
and this apidicd eciually to medicine of preveiitinj^: 
the cnmcshnient of any research body in the close 
entaiij^lenient of a Oovernnieiit deiiartmcnt. One of 


the chief reasons why these research bodies should 
receive further <up]»ort was that they succeeded in 
combiiiiii.t* .eoiid order in the w«u'k of men of ability 
with freedom for scieiitilic investi.eation’’. 

Lord Cherwell said in part "that the importance, 
from the economic peunt of view, of fosteriii;^ imre 
fundamental research could 1U)1 be overlooked." 

The (loveriimeiit reco.i-ni/.ed that pure research 
must b’e, in a lar.vje measure, its resp(nisibilit v and 
must be dfuie at the universities ; but naturally, they 
also wished to ciicoura.ec induslrs to si^eiid money 
on pure research. It was the ('loveriimeiil’s jmliey 
and intention to increase its aid for research, and il 
would welcome any developments of industry in a 
similar direction. The treatment of scientists in the 
Civil .Service had been nientioiietl, and he frankly 
admitted that the 1‘ivil iservice had not hitherto 
shown due re.nard for the contribution scientists were 
makin.ii to the nation’s welfare. This matter had now 
been leviewetl, and an investij^atioii had been in 
pro.L»ress to make sure that the conditions of seiviee, 
l»ay and jirospects of (lovernment scientific einplosees 
comi»ared favourably with those on the adminisliative 
side. He hoped that a deliiiite annouiiceinenl on these 
rehniiis mi.^lil be made before lon;^. 'I'here were pro- 
bably not more than a few dozen physicists in (bval 
Ihitain capable of evt)lvin.i» and devclopin.e new appli- 
cations c«f, say, the various radio devices on which 
success ill this war very larj^cly depended. Ivvery 
one would a.eree that it was an anomaly tc) iiay them 
on lower scales than men of equal educational status 
who, because they had distin.euished themselves in 
what were usually called "humane" subjects, were 
often j»iven war jobs of much hi.i»her status and pay 
than the scientist. Scicner, Vol. gS, No. 2541. 

The contact of research workers and re- 
search organisations with the hi.ehest administrative 
circles of the (hivernnieiit r.v. the Cabinet has .i;one 
still hi.uher. In course of the war, a pure scientist, 
Prof. F. A. Lindeiiiaii, sometime Professor of F.x- 
perinieiital Physics in the rniversity of Oxford, now’ 
J.,ord Cherwell, has been taken in the Cabinet as 
Pay ^Master Oeiieral and we believe one of his func- 
tions is not to allow his collea^pies of the Oovern- 
meiit to j.'row lukewarm about the importance of 
research, to .eet money for research and to see that 
basic jirinciples which lead to efficiency arc not sacri- 
ficed. 
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ARDESHIR CURSHETJEE-THE FIRST INDIAN FELLOW 
OF THE ROYAL SOCIETY OF LONDON 

It was so lon^{ believed that the late Mr S. 
Kaiiiauuy.'uu of Madras was the first Indian to be 
elected to the Fellow of the Koval Society of Eondon. 
Prof. A. V. Hill, Secretary of the Royal Society, 
however, discovered from the archives of the society 
that the first Indian to be elected to this honour was 
one Mr A. Ciirsheljee in 1S41. Nothing was known 
about him, however, and at the reciuest of Prof. Hill, 
Sir K. P. Ma.sani, lately Vice-Chancellor of the 
Pombay rniversity unearthed the followiti.e; life his- 
tory of Mr Curshetjee. 

Ardeshir Curshetjee was born in 1807 in the city 
of Pombay. In 1822 he served under his father in 
fiovernmeiit Dock-yard and became Assistant Huilder. 
In 1833 he built a small steamer “Indus’* in the 
Ma/aiion Dock and |)ersonally fi.xed up all machinery. 
He is reported to have ma<le e.xpcrinicnts in eonnec* 
tinn was «as li.ehtiii;^ and to have fixed up all pi])es 
and j»as machinery in his bungalow at Maza>j:on, 
Pombay, and it is recorded in Parsi annals that 
the Farl of Clare, (joveruor of Bombay, inspected the 
installation on loth March, 1S34 and ^ave him a 
“Dress of Honour”. Tii 1836 he was appointed non- 
resident member of the Royal Asiatic Society of 
fireat Britain and Irelaml. In 1831) Ardesir 
Cursetjee went to linj^land for further studies in 
mechanical en.nineeriiiK. There his services were 
en^a^ed In* the Court of Directors of the Fast India 
Company in the workshoi) of Messrs. Wards and 
Keiipel. The chronicles further state that he was 
introduced to Queen \’ictoria on the 1st July, 1840 
and that he thereafter published a book of his notes 
re.nardinK his travels in iMi.uland. He returned to 
Bombay in 1841 and was appointed Chief Kii.uineer 
of the Steam Factory and Foundry on a salary of 
Rs. b(X}/-. In 1830, he was elected \^iec-President of 
the ^^cchanics Institute. He went to Fiij’laiid for 
the second time in 1851, was made a Justice of the 
Peace in 1855 and retired on pension on 1st August 
1857. In iS^i) he went to lMij>land for the third 
time and in iSbi was appointed Chief Resident Fni»i- 
ncer of the Indus Flotilla Coinpany at Karachi, and 
there he built three or four .steamers navifi:able in the 
Indus. In 1864, he went to lui.eland for the fourth 
time and pa.sscd there the rest of his life until his 
death on 16th November, 1877, at the a^e of seventy. 


DAMODAR FLOOD ENQUIRY COMMITTEE 

Tirt: Damodar Flood Enquiry Committee con- 
stituted by the (lovernment of Bengal to advise on 
permanent measures to control floods in the D.'Jinodar 
river recently held its first meeting, with the 


Minister for Coininunication and Works in the Chair. 
The Committee has been constituted with the Maha- 
rajadhiraj of Burdwan as its Chairman and Dr M. 
N. Saha, Professor of Physics, Calcutta University, 
^Ir C. C. Inglis, Director, Central Irrigation and 
Hydrodynamic Research Station, Poona and Rai 
Bahadur Kan war Sain of the Punjab as some of its 
distinguished members. An aerial map of the 
Damodar river covering a length of So miles was 
exhibited at the meeting. 

The Hon’blc Minister, in course of his address, 
drew attention to this once prosperous track of 
Bengal, which has now become a moribund land 
with malaria taking a heavy loll every year. lie 
wanted the Committee to advise particularly on the 
report which was submitted nearly 21 years ago by 
Mr Addanis- Williams and ^Ir Glass on behalf of the 
Government. The above expert ciuiuiry ordered by 
the Government of Bengal under pressure of public 
opinion lasleil for over .seven years, ami the rccom- 
niciidations were published in a pamphlet i.ssucd by 
the (jovernment. 'I'lie recotnmendations, according 
to the Hon’ble Minister, deserve serious considera- 
tion in tile working out of any future plan of action 
to prevent the incidence of such floods in the 
Damodar river. He referred to the Tennes.se Valley, 
r. S. A., which oilers the iieare.st parallel to the 
DamcHlar. The Teniiesse Valley Authority created 
by the Government, in 1033, have spent within the 
last ten years about 37 million pounds and have 
erected ir storage and navigation dams throughout 
the entire length of the river, which have converted 
the river into a great perennial navigation channel. 
Two huge hydro-electric plants have been erected 
which are i)roducing twice as much electricity as the 
city of Calcutta requires, and an area of half the 
size of Bengal is now prosperous and happy. 

In his concluding remarks, he wanted the Com- 
mittee to suggest long-term remedial measures which 
will include not merely the protection of the Rail- 
way and the Road, but also the entire problem of 
protection, irrigation and health and not one of them 
at the expense of the other. 

He further informed the Committee that the 
Central (rovemnient, after the Damodar Flood 
Fmiuiry Committee was announced, had also 
appointed a Technical Committee of three to consider 
this imi>ortant i)roblem. He also revealed that Mr 
Savage, the famous American dam expert is at pre- 
sent in this country and that the Government is 
arranging to make his advice available to the Coin- 
iiiiltee. 

We further understand that the Committee has 
recently visited the dam sites in the Ha/aribagh 
district. 
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RECONSTRUCTION OF EDUCATION 

The new ^hemc for educational reconstruction 
outlined by Mr John Sargent, Educational Adviser 
to the Government of India, in his Presidential 
Address on “Practical Aspect of Educational Recon- 
struction** for the section of Psychology and Educa- 
tional Science of the Indian Science Congress, has 
attracted widespread attention in this countey. Mr 
Sargent has summarised the essential educational re- 
quirements of India in twelve points as follows : — 

(1) Universal, compulsory and free education for all 
boys and girls from the age of 5 or 6 until 14, in order to 
ensure literacy and the minimum preparation for citizenship. 

(2) A reasonable provision of education before the com- 
pulsory age for school attendance in the form of nurscr}' 
schools and classes. This is important mainly in the interest 
of health, particularly in areas where housing conditions are 
unsatisfactory. 

(3) Secondary or high school education for those children 
who show the cai>acity for benefiting by it. Probably to 
satisfy^ this requirement provision should be made ultimately 
in high schools of various types for pot less than 20 per cent 
of the boys and girls in each age-group. Variety both in 
types of school and in the curricula of individual 8ch<x>ls 
is essential to suit the varying tastes and aptitudes of the 
individual pupUa on the one hand and the requirements of 
their future occupations on the other. In addition, so that 
no boy or girl of outstanding ability may be debarred by 
poverty from further education, liberal financial assistance 
in the form of free places, scholarships and stipends must 
he forthcoming. 

(4) University education, includingl p^t-graduatc and 
research facilities for picked students. It is difficult to fix 
a quantitative standard here but probably when a High 
School system as contemplated above has been fully estab- 
lished, about one pupil in every 15 should be found fit u> 
proceed to a University. 

(5) Technical, commercial and art education. 'I'he 
amount, Ivpe and location of this will necessarily be deter- 
mined to n large extent by the requirements of industry 
and commerce. 

(6) Adult education, Ixilli vocational and non-vocttti<inal 
of all kinds and standards, to meet the needs of those who 
were denied adequate opportunities in their earlier years or 
who recognise the importance of supplementing what they 
then received. 

(7) Arrangements for training the vtwt army of teachers 
which a system of this kind will require. 

(8) An efficient school medical service, which will see 
that children are made healthy and kept healthy. *lhis 
means treatment as well as inspection and the provision 
•>f proper nourishment in necessitous cases. It is a waste 
of time and money to try to teach a child who is underfed 
or conscious in other ways of seriona physical discemfort. 
Health also postulates the provision of hygienic buildings 
in suitable surroundings, the right kind of furiiiture and 
equipment and ample facilities for physical training and 
games. 

(9) Special schools for children suffering from mental 
or ph}rsical handicaps. 

(10) Recreational facilities of all kinds, to satisfy the 
craving for corporate activity and to counteract the drabness 
of the conditions in which so large a part of the Indian 
pec^le otherwise spend their Eves: 

6 


(11) Eiiiploymetii- . bureaux, to guide school and college 
leavers into profitable employment and so far as possible to 
adjust the output of the schools to the capacity of the labour 
market. 

(12) All administrative system which will place initia- 
tive and authority in the hands of those who understand 
and care about education. 

We perfectly agree with Mr Sargent that these 
requirements can hardly be described as extravagant. 
These have been accepted hs the minimum educa- 
tional needs of every civilised country and, as he 
lM)inted out, have 1>een covered by the Briti.sh educa- 
tional system as it existed even before the war. In 
many parts of the United Slates of America and in 
^ some European countries far more liberal provisions 
‘have been made in the field of education. He has 
rightly realised that the Indian problem of educa- 
tional reconstruction is as colossal as it was in the 
case of Russia before the Revolution and should be 
dealt with as efficiently and (piickly as it appears to 
have been done in that country. 

Mr Sargent proposes to introduce his scheme in 
the form of eight five-year programmes reciuiring, 
therefore, nearly half a century before any visible 
result of the scheme will be forthcoming. He has 
estimated the cost of the scheme at about two crores 
and eighty lakhs of rupees annually. Thus the 
Government of India, if they finally so choose to 
give effect to his scheme, must l>c prepared to bear 
this huge expense for such a long period. 

It is over this imperative question of financing 
the scheme that grave doubts have been expressed as 
to the practicability of his plan. Mr Sargent also 
seems to be aware of this difficulty and has suggested 
that it will not be diflicult to solve the financial pro- 
blem if the Government of India decide to divert a 
part of the huge expenditure now incurred on war to 
education in the post-war period. How^ever sound 
the suggestion may be, the present foreign Govern- 
ment representing vested interests in India will pro- 
bably find the scheme hardly acceptable on the tradi- 
tional ground of paucity of funds. Similar, but far 
less ambitious, schemes were put forward on several 
occasions in the past by distinguished and capable 
educationists of this country. For instance, men- 
tion may be made of late Mr Gokhale*s scheme of 
free compulsory education. But none of them has 
so far been found acceptable on financial grounds. 
Any scheme for educational reconstruction, however 
moderate, for a vast country like India with appalling 
mass-illiteracy needs must be expensive. Reconstruc- 
tion in education is an important part of nation- 
building activity for whose promotion the Govern- 
ment exist. Curiously enough the Government have 
seldom suffered from paucity of funds in financing 
schemes in which they are interested, and almost in- 
variably sucli schemes were remotely connected with 
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any nation-building activity. Only money is not 
available in financing projects calculated to promote 
national interests. From these considerations, the 
fate of Mr Sargent’s .scheme is almost a foregone con- 
clusion, and as a daily paper puts it in its editorial 
comment, the scheme would be merely one more 
decoration for the archives of the Imperial Secretariat. 

ANNOUNCEMENTS 

Appucations are invited for Six Scientific Re- 
search Scholarships of the value of Rs. 150/- per 
month each for the year 194 4-^1 5. 

The Scholarships arc ppen to men and women, 
and will be tenable for a, period of twelve nionth.% 
commencing from the ist July, 1944. Any or all the 
scholarships may be extended for a further period of 
twelve months, within the discretion of the Tnistees. 
All old scholars who desire renewal should re-apply. 

Applicants, who must be of Indian nationality, 
must be Graduates in Medicine or Science of a re- 
cognised University. 

The subject of scientific investigation which 
they may select must have a bearing directly or in- 


SCIENCE IN 


imusATioN OF cmr sewage 

Utilisation of city sewage waste has attained 
considerable importance in recent years as a reason- 
able source of several important products, such as 
dried sludge as a fertiliser, methane gas for o£)crat- 
ing internal combustion engines, liquid effluent for 
irrigation and industrial water, grease, nitrogen and 
a whole host of u.seful by-product hitherto neglected. 
An useful account of these by-products from sewage 
waste has been given in the Scientific American, 
September, 1943. The dried digested sludge resem- 
bling humus in appearance and texture is now widely 
used for soil conditioning and can also be used as a 
low-grade fertiliser. The sludge contains, as recent 
chemical analysis indicates, appreciable amounts of 
nitrogen (2*25 per cent), phosphorus (1*50 per cent) 
and potassium (0*70 per cent) and minute quantities 
of *micro-nutrient* elements, such as^ boron, copper, 
zinc, manganese and others. Some cities of the 
United States are now producing high-grade fertiliser, 
using sludge as a base. 


directly on the alleviation of human suffering from 
disease. 

Applications must be forwarded through the 
Director of a recognised Research Institute or Labora- 
tory where the candidate proposes to work and must 
be accompanied by a letter from the Director stating 
that he has critically examined the details of the pro- 
posed Research, that he approves of the general plan 
and that he is willing, as far as possible, to guide and 
direct the investigation and give laboratory facilities. 

Full particulars may be had from the Secretary, 
Lady Tata Memorial Trust, Bombay House, Bruce 
Street, Fort, Bombay. 

Wk are glad to announce that a further sum of 
Rs. 2,500/- donated by Messrs. Adair, Dutt & Co. 
Ltd. has now been placed at the disposal of the Adair 
Dutt Research Fund Committee for the Calcutta 
centre, the total amount donated by the said firm 
being Rs. giooo/-. 

Wk note with great satisfaction that Prof. A. 
V. Hill, F.R.S., Secretary of the Royal Society, 
London, has been elected honorary member of the 
Indian Science Congress Association. 


INDUSTRY 


Tlie sludge gas is now widely used in U. S. A. 
and the Continent to operate stationary internal com- 
bustion engines and also in running vehicles. 
According to a rei)ort of the American Society of 
Civil Engineers, 1000 c.c. of sludge gas having an 
average calorific content of 650 B.T.U. per c.c. arc 
equivalent to 6*4 gallons of butane, or 5*2 gallons 
of gasoline, or 4’6 gallons of Diesel oil. In 1935, 
there were about 100 trucks in the Ruhr district, 
which were equipped to use this gas as fuel. Besides, 
the conversion of an oil-opemted engine into one 
using sludge gas involves comparatively simple 
changes. 

The war has increased the importance of sewage 
waste as a source of grease. It has been estimated 
that about 180 to 365 tons of crude fats are present 
in the sludge of a city having a population of 100,000 
people. Several American cities, such as New York, 
Chicago and others are now recovering grease from 
their sewage disposal plants. One plant at Bradford 
is now alone supplying, it is reported, some 500 tons 
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of weekly. According to a process recently 

developed, grease is extract^ by adding sulphuric 
acid to the sewage to crack soaps and precipitate the 
wool waxes. The resulting sludge is then heated 
and filter*pressed through cotton cloth. I,i(]uid 
grease and water are obtained in this way, from 
which the product is finally freed from impurities. 

The liquid effluent from the sewage treatment 
plants is now used in several places of America for 
irrigation purposes. Tlic sterile soil, covering an area 
of over 40 acres at Vineland, New Jersey, has now 
been remarkably improved by distributing through 
an under ground tile system the sewage of this town. 
Further the diluted sewage effluent promotes the 
growth of plant algae and proterzoa and has been used 
in Germany to improve fish culture with good 
results. 

The consideration of such important by-products 
has made the question of sewage disposal extremely 
important. Following is the brief account of the 
tiu^crn sewage disposal method largely practicised 
in U. S. A. Water carried wastes collected by the 
intricate net work of sewars under city streets are 
either discharged into neighbouring streams or 
brought together in a single conduit leading to a 
treatment plant. The plant separates the solids from 
the li(iuid anti then digests the putrescible solids. 
Another method is to treat the liquid containing 
solids in solution or in suspension by aeration or 
filtration by which most of the offensive organic 
matter is oxidised and rendered innocuous. It has 
been estimated that one ton of sewage flow contains 
only about one pound of putrescible solids to be re- 
moved by treatment. A little more than 25 per cent 
of these solids settles out in the huge, concrete sedi- 
mentation tank provided for this purpose, th'r balance 
remaining with the Ihitiid to be oxidised or discharged 
into a stream where natural processes of rurificatioii 
arc active. From the sedimentation tank the highly 
putrescible material, known as raw sludge, is trans- 
ferred to closed, heated tanks where ancrobic diges- 
tion takes place at a temperature of about 8o®F. 
During this process, reciuiring about 3c days, the raw 
sludge is decomposed to produce the sludge gas con- 
taining about 70 per cent methane. The residue is 
stable, can be easily dried and subsequently used for 
soil-conditioning, as referred to above. 

INSPECTION TOOLS OF CLASS 

The need for conserving valuable tool steel has 
necessitated designers to seek newer materials for the 
manufacture of gages. Outstanding of all these is 
glass w^hich not only has resulted in the saving of 
valuable metals, but also in producing gages which 
outclass steel ones in many respects. 


The actual v»'(^>ductiou of glass gages started 
al>out one and half years ago, mainly through the 
efforts of the leading American Glass manufacturers 
and the United States Army Ordnance Department. 
At first their design was similar to steel gages. How- 
ever, as experience accumulated, modifications had 
to be incori)orated to suit the altered characteristics 
of the material, especially to the risk of chipping, 
facility of handling and limit breakage. Thus the 
original chamfered plug gages of glass have now been 
replaced by a levelled pilot with rounded corners, 
while the levelling and rounding for snap and ring 
gages are carried on to a considerably greater extent 
than in steel. Glass gage sections are generally 
thicker than like steel ones while the frame of the 
former is kept inside a wooden or plastic casing to 
l»revent breakage. It is interesting to note that, con- 
trary to the general impression, glass gages are 
neither fragile nor easily broken, while their abrasive 
resistance is very high, tests on a ring gage indi- 
cating that 2,00,000 passes of a steel plug result in 
an average wear of only 0*000065 inch. 

Glass gages can be produced either by drawing, 
moulding or rolling as in the case of ordinary com- 
mercial glass. At present they are made from 
ordinary light flint and borosilicate glass, in the form 
of plug, ring and snap gages (varying from % inch 
to 5 inches in diameter) ; profile, position and 
chamber gages ; and certain types of flush pin gages. 
With the distinct advantages they possess over their 
metallic prototypes in the form of greater visibility 
in inspection, freedom from corrosion and rust, elimi- 
nation of grea.sing during storage and shipment, re- 
duction in the secondary eilects (and con.sequent in- 
crease in efficiency) due to the lower thermal con- 
ductivity of glass as compared with steel, maintenance 
of high functional properties even with slight 
scratches and chipping, and a more pronounced sense 
of feel, a definite place has been established for these 
glass tools which can be regarded as the most valuable 
precision instruments for dimensional control in the 
realm of production engineering. 

.S'. K. Lr. 


GEOPHYSICS AND FOUNDATION ENGINEERING 

Dr Garund, of the Geographical Seminar of 
Strasbourg University, defines geophysics as that 
branch of science which lies between pure physics 
on one hand and physical geography and geology on 
the other and which in its widest sense deaU with 
the study of the history and constitution of the earth. 
Among the many branches it embodies, applied 
geophysics is one with which foundation engineer- 
ing is directly interconnected. 
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Applied geophysics aims' particularly in dis- 
covering the nature of the strata lying below the earth 
without incurring the full experience of making a 
direct test by shaft sinking, tunnelling or boring. 
Several methods have upto now been employed, the 
commonest being tlie Gravimetric, Magnetic and the 
Seismic. Recent advances in Soil Mechanics have, 
however, led to the development of the Electrical 
and the Electro-seismic methods of exploration. The 
former, which is based on Maxwell’s Theory of 
Electrostatic Images aims in detecting the strata by 
means of electric currents cither generated naturally 
as a result of the oxidation of the ores by the circu- 
lating waters and producing a difference of potential 
at varying points, or by artificially producing an 
electric current into the earth by two “current” 
electrodes and investigating the strata by two or at 
times three "potential” electrodes. By varying the 
distance between the latter and evaluating their re- 
sults from a set of formulae developed from known 
strata conditions, a relation between the depth of 
.strata and its resistivity can be obtained. Important 
.sites for large structures such as bridge piers and 
dams can very well be investigated by this method 
provided great care is taken in the final interpretation 
of results. Some time back, experiments carried out 
in America revealed the amazing fact that if a wire- 
less set is tuned on to a station, the strength of the 
signal dies down on approaching a fault and the set 
becomes completely silent when kept exactly over 
the fault-plane. Further investigations in this field 
will probably open out many useful and interesting 
applications in the domain of geophysics. 

In the latter, viz., the electro-seismic method, 
not only does the work serve to guide the drilling 
programme and supplement the borings with less 
expensive tests for the determination of the depth 
of the strata and its compaction condition, but also 
serves to determine the actual bearing capacity of the 
soil. The general procedure is that near a given 
place, vertical harmonic vibrations are*^t up by a 
one or two horse-power electric motor having eccen- 


tric disks rotating in opposite directions. By chang- 
ing the eccentricity the centrifugal force can be 
changed resulting in an increase or decrease of vibra- 
tions at various distances from the vibrator. By 
means of small seismographs these varying vibrations 
can be measured and resonance curves plotted. From 
these it is found that high natural frequencies and 
high phase-speeds indicate a high bearing capacity 
of the soil, the actual values being obtained from 
tables of phase-speeds and frequencies in relation to 
the respective bearing capacities of the soil obtained 
from a set of existing and known conditions. The 
dynamic bedding value (t.e. the pressure in lbs. per 
square inch required to cause an elastic vertical de- 
flection of one inch) which is determined by tlie 
natural frequency of vibration, reveals, that as the 
static pressure increases the dynamic value ap- 
proaches a constant maximum, a fact which is never 
revealed by static tests. A further useful purpose 
served by the vibrator is in the consolidation of the 
.soil as compared with ordinary ramming, for, by the 
application of the former greater efficiency and depth 
of penetration can be attained. 

When the work of drilling is to be supplemented 
by seismic methods, a portable of apparatus can 
be used. With the detector placed in a line on the 
gravel, light dynamite charges at 3 feet depth are 
fired in succession at increasing distances along the 
line. By film records the time of arrival of the waves 
can be noted and results plotted as a time distance 
chart. By this procedure it was found in one of the 
dam sites, that only 400 determinations on land were 
necessary with results that would normally have re- 
quired 15,600 feet of drilling and would have cost 
four times as much. A similar method seems to be 
applicable for the exploration in the beds of swift 
waters. Further advances in these geophysical 
methods of prospecting will open out a mine of useful 
information which can be beneficially utilised in 
foundation engineering. 


5 . K. Ct. 
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THE GLASS-MAKING SAND-ROCK OF JUBBULPORE, CENTRAL PROVINCE 

H. U. CHIBBER, 

DiPARTifINT or GIOLOOV. BKMARtS HINDU UNIVERSITY 


^HE area in the neiglibourliood of Jubbulporc has 

received attention from several geologists, parti- 
cularly, J. G. Medlicott^ and Dr C. A. Matlcy’ whose 
publications comprise standard communications on 
this area. The glass sands which occur at a short 
distance to the east of the town of Jubbulpore, so 
far as the author is aware, have not been examined 
in detail, and a preliminary investigation was under- 
taken by the author. A chemical analysis of the 
Jubbulpore glass sand has been given by Messrs. 
Mukerji and Dranc in their short note on 'Tndian 
Glass-Making Sands." 

Locauty 

The city of Jubbulpore is situated about 1,300 
feet above the sea-level and towards the east, the 
Chili hill, the famous repository of fire clay is 
situated. Towards the north, this hill has a broad 
east-west elongation and at the northern end these 
glass sands are exposed at an altitude of about 1,400 
feet above the sea-level and the main road leading 
to Shahpura runs only a little north of it. At this 
locality the sand-rock is being quarried at present but 
there are other outcrops of the same rock which 
occur elsewhere in the neighbourhood. On the north 
and across the road, the range of granite hills, locally 
known as Sidh Baba Ka Pahar, occurs. 

The Nature of the Dktosit 

This deposit of the sand-rock belongs to the 
Jabalpur Group which comprises in descending 
order: — 

(i) Clays of variegated colour, 

(it) Sandstones. 0 

The sandstones can in places be further sub- 
divided, ill descending order, as near the quarry 
into : — 

(t) White clean sand-rock, suitable for glass- 
making. 

(it) Reddish, yellowish or brownish felspalhic 
sand-stones. 

The sand-rock is succeeded by fire-clays of 
various colours and grades. The latter are of whitish, 
yellowish, greyish and almost black colour, in places 
with dark carbonaceous impressions and tiny inclu- 
sions of coal. These clays have a great commercial 
importance. 

' ^kledlicott, J. G., On the Geological Structure of the 
Nerbudda Valley. Mem. G. S. Vol. II, 1860. 

• Matley, C. A., On the Stratigraphy, Fossils and Geolo- 
gical Relations of the Lameta Reds of Jubbulpore. Rec. G. 
S. /., Vol. uii. ia2i. 


By the earlier writers, Jabalpur beds were con- 
sidered to be of Middle Jurassic age but Dr C. A. 
Matley has suggested tentatively a Dower Cretaceous 
age. 

The sand deposits, which are ejuarried for the 
manufacture of glass, occur about 150 yards almost 
due north of the temples on the Chui hill. The over- 
burden is very small and as observed in December, 
1942 it is about one foot in thickness, but in places 
the maximum thickness does not e.\cecd three to 
five feet. 

The present excavation is almost circular in 
form. The quarry has a length of about 200 feet iu 
an east-west direction and a width of a little over 
100 feet in a north-south direction. The maximum 
height of the quarry face measured 26 feet. 

The rock is a white sand-rock, which is quite in- 
coherent and friable so much so that on every 
handling some grains of quartz are dislodged. With 
the aid of a pocket lens it is seen to consist of a some- 
what medium-grained particles of quartz loosely 
cemented together by a somewhat sparse matrix of 
kaolin. There are occasional specks of biotite, mus- 
covite, hornblende and magnetite. Chalcedony, 
which is of markedly dull waxy, faint grey colour 
and sometimes occurs in large grains, is also associat- 
ed. Some grains of quartz are partially coated with 
white kaolin. Occasionally, fine lenticlcs of white 
clay, scarcely an inch thick and a few inches in 
length, occur in the sand-rock. In places, where the 
rock is more fine-grained, the proportion of white 
clay increases. It has a 'softer touch and soils the 
fingers. A solitary small reddish pebble of quartzite 
was collected from near the top. 

Coarser and darker bauds are seen interl^edded 
with the sand-rock. They present a very irregular 
disposition. They vary in thickness from a fraction 
of an inch to about three inches in thickness. Some- 
times these coarse bands arc in the form of small 
lenticles. It is noteworthy that as these lenticlcs are 
composed of very coarse grains, they get eliniinateil 
largely from the glass .sand on sieving. 

Quarrying, Washing and Sieving of the 
Glass Sand 

The rock is soft and therefore holes are bored 
with chisels by manual labour and then the rock is 
blasted with gun iwwdcr. The broken rock is 
then transported to the glass works. It is 
there pulverised into sand with flat wooden 
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haiiiniers. The sand is then filled in open 
glass iK)ts and washed with water by coolies. The 
clay is removed by trampling the wet sand under 
the feet. It is then dried on fire by heating the sand 
on an iron-sheet. This dr>' sand is finally passed 
through a siever when pieces of rock and coarser 
grains are separated. The sieving is so arranged that 
it passes through i6 mesh and is retained on 100 
mesh. 

This sand is ))oth used in the Glass Works at 
Jtibbulpore and Condia. It was also exported to 
Ishapnr and Jamshedpur at Rs. 15/- per ton (194a) 
f.o.r. Jubbulpore. 

Microscopic Ciuractkrs of thb Sand-Rock 

A thin section is seen to be composed of grains 
of quartz, which have a subangular outline but some 
of them have an elongated prismatic shape. A few 
pieces are observed to be almost angular. Inclu- 
sions of biotite, tourmaline and diopside arc observed 
in quartz under high power. A few light brownish 
patches, which are somewhat pleochroic and show a 
very weak birefringence, are of chlorite formed by 
the alteration of biotite. In some places it occurs in 
very fine patches and shows aggregate polarisation. 
In places tiny flakes of muscovite, showing bright 
polarisation colours and straight extinction, are pre- 
sent. Tiny particles with yellowish colour, high re- 
fractive index, strong but varying birefringence, are 
oC cpidote. A dark coloured patch, appearing whitish 
by reflected light, appears to be of kaolin. In places, 
the tint ai>pears reddish white under reflected light 
indicating staining of iron. A prismatic section of 
brownish tourmaline with characteristic pleochroisni 
and straight extinction is observed. A few minute 
specks of magnetite, black and opaque by transmitted 
light and steel-grey by reflected light, are also pre- 
sent. The matrix is composed of kaolin in which 
islands of grains of clear and colourless quartz are 
to be observed. Of course it is to be noted that a 
very great bulk of the rock is comiiosed of quart/ 
grains, the other minerals occur as impurities, some 
of which are observed only under high imwer. 

MlNBKAl.CXtlCAI. COMWSITUW OF TIIK Ol.A.S.S SaND 

The glass sand, which is actually used in the 
manufacture of glass, after the rock has been 
crushed, washed and sieved, was also examined. 
A very great bulk of the quartz grains are colourless 
with a partial and fine coating of kaolin. By panning, 
the coloured particles in the sand were concentrated 
and collected. Kven these contained particles mostly 
of quartz but some of them showed whitish, yellow- 
lish, reddish, brownish and ametliystinc colour. 
Besides the minerals, noted above, the following were 
also observed. 
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An irregular brown prismatic section, decidedly 
pleochroic and with an extinction angle of is of 
hornblende. Prismatic or irregular section of ortho- 
clase, altered to a varying degree and showing turbi- 
dity, are also present. An irregularly oval section, 
copper-red in colour, with very high refractive index 
and straight extinction, is of rutile. 

it was observed that most of the black grains 
present in the sand-rock prove to be of magnetite. 
It may be noted that some patches of magnetite under 
high power show minute inclusions of biotite and 
felspar. It is interesting to observe that in these 
inclusions of biotite and felspar dendritic growths of 
magnetite are to be observed. But it is noteworthy, 
that these minerals occur only as impurities in the 
quartz sand, some of which reveal themselves only 
under very high power. 

Hikvk Analyses of Glass Sand 

The following table gives the sieve analysis of 
a sample of this sand by standard I.M.M. sieves as 
used in the Glass Works at Jubbulpore. The sieves 
are arranged one over the other in the order shown 
below : 


Retained 

on 40 mesh sieve 

... 2418 

If 

60 M 

... 28-96 

t* 

80 „ „ 

... 33-50 

If 

too M II 

... 6-82 

If 

120 

... 2-81 

11 

150 II II ... 

... 1-29 

Pns.sed tlirough 150 ^ 

... 1-57 


Total ... 

... 99-13 


CmCMICAL COMID.SITION 

The chemical composition of the glass sand is 
represented by analyses No. I and II in Ihe following 
tabic : —• 



1 

JuMmlpore %aiuls 

Bargarli 

Sand 

Sawui 

Madliupur 




Sand 


I 

II 

III 

IV 


(Tata LalM>- 

(Mukerji & 

(Mukerji & 

(Mukerji & 


calories) 

Drane) 

Drane) 

Drane) 

SiO, 

97-08 

98 04 

97 69 

98 44 

l-V*. 1 

0-85 

0 14 

1 0-04 

0-33 

AI.O, 

0-87 

0-91 

i 1-72 

1-17 

CaO 

0-40 

trace 

1 0-28 

0-09 

MgO 

trace 

0-09 

; trace 

trace 

! 

Na,0 ) 

K.O f 

0-30 

... 

... 

Ti'o, 


1 063 

... 


Loss on 
ignition 
Total 

! 

0-30 1 

i ' - 

0-54 

0-43 

99-80 1 

(9-81 

100-27 

100-46 


Aiialy.sis No. I is of the sand which is used in 
the coke ovens of Tatas, etc. Analysis No. II is 
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of the glass sand and is quite satisfactory. The 
silica content is 98 04 with an iron content of 0*14 
per cent. The sand is already being used for the 
production of varied type of articles, but it is sugges- 
ted that the washing of the sand should be more 


thorough specially in view of its high iron content ; 
as this operation will not only remove the objection- 
able clayey matter adhered to tlie sand grains but 
will also reduce its iron content. 


MEDICINE AND PUBLIC HEALTH 


PREVENTION OF JAUNDICE 

A “Pilot Kx^kriment** suggesting that artificial 
sunlight may be the weapon for fighting the danger 
of jaundice ip persons who get human blood scrum 
for transfusions or protective inoculations is rejiortcd 
ill the Science News Letter, September it, 1943. 

The problem caused national concern in U. S. A. 
last year when more than 28,000 soldiers develoiKKl 
jaundice following inoculations against yellow fever. 
The army solved the problem by switching to another 
type of anti-yellow fever vaccine which does not con* 
lain human blood scrum. So far as known this new 
vaccine has not produced jaundice. 

If the findings of the Public Health Service pilot 
exi>eriment are confirmed by further tests, the danger 
of jaundice following transfusions might be averted 
by passing the blood or serum for the big transfusion 
banks in a thin stream through artificial sunlight. 
For smaller quantities of human serum, used to pre- 
pare vaccines against disease, advantage might be 
taken of the fact that about tw(j and one-half months 
after a person has liad this jaundice, the disease- 
producing agent disappears from his blood. 

The cause of the disease is believed to lie a virus 
but so far scientists have been unable to identify it, 
or to give the disease to laboratory animals. For the 
Public Health Service studies, i8g persons volun- 
teered to get the disease so that their blood could he 
u.scd to learn more about it. Mo.st of them had only 
mild attacks and all recovered. 

FOOD SHORTAGE SOLVED IN THE LABORATORY 

With a lump sum grant of $24,.VJo Iroin the 
Rockefeller Foundation, the Massachussetts Institute 
of Technology conducted, during the last three years, 
some far-reaching experiments on diet in their 
attempts “to pack the utmost of nutritional value 
into the minimum of food bulk and at the least 
cost.” 


Though nuiiieruus experiments, under the direc- 
tion of Dr Robert S. Harris, were carried out first 
with animals and then with human volunteers, the 
Institute developed formulae which concentrated into 
a lyi pound package of food all the daily re<)uire- 
ments for one inaividual in proteins, cahiries, vita- 
mins and minerals. With this concentrate as a base, 
the nutritional biochemists have been able to work 
out special food problems for several government 
agencies, including the Army, the Navy, the Mer- 
chant Marines and the Federal Surplus Commodities 
Corporation. Among the problems studied are ra- 
tions for submarine crews, life-boat rations, and 
emergency rations for pilots and .soldiers detached 
from the home base. Packaged food concentrates 
for dropping from aircraft have also been developed. 
Both Russian and Briti.sh representatives tested the 
concentrated food, and certain shipments of it have 
been made to the.se countries. These concentrates, 
made of dried meat, cereals, milk powder, yeast, 
dried vegetables and seasoning, were also used hy 
members of Admiral Byrd’s polar expedition. Dr 
Harris and his laboratory workers lived on this fowl, 
which cost only 6 cents a day, for weeks. They 
did not grew fat, but they remained in perfect 
health. This was made in the form of cereal fiakes 
and tested by one dozen business men of Boston for 
5 weeks with excellent results. 

Food surveys in America showed that in order 
to obtain the recommended quantities of meat, eggs, 
fniits, vegetables and milk, an expenditure of from 
$2 '5 to $9 per person per week was needed, and the 
bulk of families with three or more members could 
not afford this. Hence, some cheap-cost food con- 
centrate was needed for the poorer class of the civil 
lx>pulation. A concentrate, containing skim milk 
powder, corn germ powder or peanut flower, soya 
flour and powdered peas, along with pepper, salt, 
vitamins and minerals, was prepared, one ounce of 
which supplied all the vitamins and minerals needed 
for the lK>dy, plus i/6th of the protein re(juireineiUs 
and I / 20th of the caloric requirements, at a cost of 
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cents per serving in the form of soup. It was 
noticed that equivalent nutrition, not fully reliable, 
from natural foods would cost more than 25 cents, 
or above ten times the price of the laborator>*- 
prepared food. This investigators wanted to see if 
the soup concentrate added to the conventional home 
diet would correct the ordinary deficiency diseases 
and safeguard against their recurrence. This was 


tested on 760 school children in Michigan and among 
industrial workers. The results so far obtained are 
encouraging. 

. The above experiments are of enormous signi- 
ficance to India, where the ix>pulation is increasing 
every year and agriculture is in a quandary. Does 
India, under these circumstances, desire to utilise the 
help of scientists to solve the food problem? 


THE MYSTERIES OF DUST* 

k; n. bagchi, 

CUKMICAl. KXAMINER TO THK GOVT. OF BKNGAL, CALCUTTA 


JN the beginning of the last century the Scottish 
ministrel sang that the man wlio.se 'soul so dead* 
as not to love his 'native land’ 

"shall go down 

To the vile dust, from whence he sprung, 
Unwept, unhonoured and unsung.** 

Little did he realise in those days the extent of 
vileness of the dust now revealed by science. To 
the scientist it is not the simple noxious material 
with which are made that class of mortals whom the 
poet described in his inimitable verses, but it is a 
mysterious substance fraught with possibilities for 
an unlimited amount of harm to all mortals who have 
to struggle hard for existence. 

So much work has lately been done on dust to 
study its physical, chemical, bacteriological and toxi- 
cological aspects that it is not possible for me to do 
justice to this fa.scinating subject. I will, however, 
make an attempt to deal only with the chemical and 
toxicological aspects as related to industrial cities. 

Dust anu Civhjsation 

Civilisation goes hand in hand with industrialisa- 
tion and production of dust is the greatest curse of 
industrialisation. "Every fire whether for the pro- 
duction of heat or of power, every grinding or rubb- 
ing action, and in general all mechanical function 
and industrial and constructional activity creates 
dust.*’ As the incidence of diseases, other than speci- 
fic occupational di.seases, is greater among the indus- 
trial workers than the general population and as the 
expectancy of life of the industrial worker is less than 
that of other people, the study of dust has, therefore, 
engaged the most careful attention of the Public 
Health authorities in all civilised countries and has 

• A lecture delivered before the Rotary . Club, Calcutta, 

on 2iid November, 1943. 


developed to form a very important branch of Public 
Health Science — the Industrial Hygiene. 

Dust is considered to be "the greatest single 
industrial hazard". More workmen are incapacitated 
for duty because of exposure to dust than for any 
other cause. It has been recognised by the public 
health authorities that the diminution of the dust 
hazard in all trades will result in a corresponding 
diminution of morbidity and mortality from tuber- 
culosis and other respiratory disease.s. 

Dust— THK iR source, size and numhkk 

■ Dust normally present in the atmosphere arc 
produced by the action of the winds, rain, variation 
in weather, etc. and by decomposition of vegetation 
and animal matter. They are also due to volcanoes 
and meteors. The nature of the normal dust varies, 
therefore, with the local geographical condition. 
Dusts which form the subject matter of this paper 
are accidentally present in the atmosphere and have 
come about through the development of civilisation. 
Broadly speaking, dusts are dispersions of solid parti- 
cles in air. The particles vary in size from 150 
microns (1/167 inch) to o' 5 micron (1/50,000 inch). 
Those particlea which are capable of being inhaled 
and absorbed in the system, range between 0*5 micron 
and 10 microns (1/50,000 to i /2500 inch). It has been 
calculated that in normal atmospheres, 97 per cent 
of outdoor dust-particles are less than 1 micron and 
practically no dust particles larger than 1*5 microns 
are found in uncontaminated outside air. On the 
other hand, all dust particles in an industrial estab- 
lishment arc usually larger than 1 micron. "Careful 
observation has .shown that about 60 per cent of the 
ditst particles present in an industrial environment 
range between i and 3 microns only and it is interest- 
ing to note that the particles of silica dust isolated by 
postmortem examination from the lungs of the 
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victims of silicosis also range between i and 3 
microns.** Apart from the size of the particles, the 
amount of dust present in the air is also imiiortant 
from the public health point of view, for it has been 
ascertained that the more intensive the exi)osure to 
(lust, the more rapid is the development of the sjHicific 
disease. The atmosphere of an industrial establish- 
ment, specially the indoor air, usually contains over 
20 million dust i>articles per cubic foot of air while 
the outdoor air contains about 5 million. 

As dust particles vary considerably in size and 
weight, the time they take for settling down varies 
very much. The largest or heaviest particles settle 
down quickly, while the smallest and lightest ones 
lake the longest time ; and the longer the duration 
of their suspension in air, the further the distance 
they travel before settling down finally. This is the 
reason why dusts of heavy metals such as lead, 
mercury, barium, etc., are mostly confined to the 
neighbourhood where they are produced, while dusts 
containing soot, tar, compounds of arsenic and 
sulphur, silicates etc., are carried by the currents of 
air to places far away from the source. In this con- 
nection, it may be recalled how the fine dusts pro- 
duced by the eruption of a volcano in Nicaragua in 
Mexico could be detected at Kingston in Jamaica — a 
distance of about 700 miles which the dust travelled 
through an upper air current in about 4 days. Simi- 
larlj', the eruption of Krakatoa, another volcano near 
Java, produced such a fine dust that it remained sus- 
Iieiided in air for about 3 years and could be detected 
in places several hundred miles away. It is, there- 
fore, evident that fine dusts, including those which 
are very toxic, are likely to ufTect the imputation 
extending over a wide area. 

The Ciassification of dust 
Dusts have been classified in various ways but 
the classification of Dr Sayers, according to their 
chemical and physiological effects, is the best and is 
as follows : — 

A. Inorganic du.sts — 

(1) Toxic and/or irritant dusts. 

(2) Fibrosis-producing dusts. 

(3) Non-fibrosis-producing dusts. 

I). Organic dusts — 

(r) Non-living organic dusts. 

(a) Toxic and/or irritant dusts. 

(b) Allergic dusts. 

(2) Living organic dusts. 

(a) Bacteria. 

(b) Fungi. 

Inorganic Dusts 

Toxic and irritant Dusts : — They produce delete- 
rious effects, both general and local, on the human 
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system. Those producing local symptoms are usually 
known as irritants and those producing general symp- 
tomps, that is, producing the effects after their absorp- 
tion in the blood, arc termed toxic. The toxic dusts 
are inherently toxic when inhaled, ingested or other- 
wise absorbed and include the dusts from heavy metals 
and their salts such as, lead, mercury, barium, zinc, 
etc. The oxides and carbonate of lead used as paints 
for doors, windows, etc., and yellow lead chromate 
as colour wash for buildings, are the most widely 
prevalent imisonous dusts. They are set free into the 
atmosphere not only from the fact(jries where they 
are manufactured but also from the exterior of the 
buildings and other structures, due to the crumbling 
action of the weather. They are readily absorbed 
through the respiratory passages and produce chronic 
lead imisoning. Incidentally, it may be mentioned 
here that in a Hindu household where vermilion 
adulterated with read lead is used by the womenfolk, 
the atmosphere there is always charged with this lead 
comi)ound and thus becomes a potent source of 
danger of lead poisoning among all the members of 
the family. vSiniilarly, the arsenic-bearing du.sts 
formed during the manufacture of paints, dyes, 
insecticides, fungicides, rat-poison, weed-killer and 
drugs are absorbed and produce chrotiic arsenic 
tK>isoning. Inhalation of zinc oxide during its manu- 
facture produces wdiat is called **nietal-fuinc fever*’. 

Quick-lime, lime, dichromates, etc., form irritant 
dusts and cause inflammatory lesions in the lungs. 

Fibrosis-producing dusts . — Fibrosis is the develop- 
ment of fibrous or scar tissue as a result of inilamma- 
tion, acute or chronic, caused by irritant substances, 
such as fine dust from sand, coal, iron, tin and other 
metals and also from asbestos. 

The inhalation of these dusts produces what is 
called ’piieumokoiiiosis’ or “Dust Disease of the 
Lung”. The most important are siliceous dusts of 
granite, quartz, sand, pumice, slate, etc., which pro- 
duce “silicosis**- -a widely known disease among the 
workers in mines and quarries. Silicosis is also 
known as “miners* phthisis”, particularly among the 
gold miners in South Africa. The condition similar 
to silico.sis, produced by iron and other metal dusts, 
is known in medicine as “siderosis” and that pro- 
duced by coal dust is called “anthracosis”, while 
those engaged in the manufacture of asbestos articles 
develop an equally serious trouble termed “asbes- 
tosis**. Some of these “Dust Diseases”, particularly 
silicosis, are associated with the increased mortality 
rate from tuberculosis, pneumonta, pleurisy, etc. In 
fact, tuberculosis is liable to be a later develojnnent 
ill certain forms of silicosis which, however, is not 
confined only to miners and potters but is met with 
in almost every industry in which steel and iron are 
used as raw materials. The possibility of silicosis 
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among these workers is due to the fact that **sand is 
used in the moulds and cores for metal castings and 
the dispersion of silica-dust from the sand’* thus used 
is a concomitant feature of this industry. 

Non-‘fibT 05 U^producing dusts : — These are harm- 
less dusts. Neither they produce any toxic or irritant 
action nor cause any fibrous tissue to be formed. In 
out-of-the-way villages, where there are no industries, 
no metulled or tarred roads and no palatial buildings, 
the dusts are comparatively inocuous, but they act as 
carriers of bacteria all the same. In industries con- 
nected -with limestone, plaster of Paris, gypsum, 
coritiuliim, emery, etc., the dusts are also harmless. 

Organic I>usts 

Non-living organic dusts : — ^These contain carbon 
and arc derived from animal or plant life as also from 
various chemical processes involved in the manufac- 
ture of dye-stuffs, explosives, drugs, textiles, etc. 

(a) Toxic and irritant dusts. — 'I'liey produce 
deleterious effects, both general and local, on the 
human system in the same way as described under 
inorganic dusts. The common irritant dusts arc those 
of tar, soot, coal, tobacco, certain flours of cereals, 
and of fibres, such as wool, silk, cotton, jute, flax, 
etc. The toxic du.sts are derived from certain chemi- 
cal conux)unds which arc extensively uscil as dyc- 
.stuffs, explo.sives, drugs, etc., e.g., para-iiitranflinc, 
T.N.T., picric acid, nitro-naphlhalcne and other 
organic compounds. Many organic dusts produce 
dermatitis. 

(b) Allergic dusts. — The term allergy is used to 
describe the condition of a peculiar inborn hyper- 
sensitiveness or susceptibility in which apparently 
inert substances produce characteristic manifestations 
particularly on the skin, and in the respiratory 
system. The allergic dusts consist usually of pollens 
of flowers, horse-hair, furs, feathers, cat’s hair, 
certain kinds of pulverised wood, dusts from rice, 
oats and corn, and many drugs and other organic 
substances. The allergic manifestations on the .skin 
are urticaria, eczema and purpura, i.e., bleeding 
inside the skin resulting in purple or blue .si)ots 
or patches, and those in the respiratory tract are 
attacks of asthma, hay-fever, paroxysmal attacks 
running from the nose and .sneezing. These manifes- 
tations, particularly the attacks of asthma and urti- 
caria, are interesting as they are freciuently met with 
in susceptible persons after a meal of lobsters or 
crabs or after contact with a horse or a cat. In the 
latter condition, the smell, i.e., the emanations from 
the animal, and not necessarily the hair of the animal, 
may also bring on the attacks. 

Living organic dusts : — 

(a) Bacteria.-— The bacterial dusts are aggregates 
of bacteria, fresh or desiccated, suspended in atmos- 
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phere either as such or with ordinary dust particles. 
The most important bacteria are anthrax, tetanus, 
diphtheria, tuberculosis, small-pox, pus-forming 
organisms, etc. 

(b) Fungi. — They are the mycelia or threads 
and si)ores of parasitic fungi. They may grow in the 
respiratory tract or in other parts of the Ixxly and 
thus cause discomfort if not serious illness. 

Industrial Hyoienr and thk study ok Dust 

The study of dusts requires the services of physi- 
cists, chemists, bacteriologists and medical men with 
experience in public health work and the help of 
various kinds of complicated apparatus that have 
been invented for this purpose. The collection and 
identification of dusts and determination of their 
nature, size and number along with their physical, 
chemical and physiological properties form the various 
stages of such investigations and the data obtained 
therefrom form the basis of lndu,fitrial Hygiene— an 
applied science developed enormbUsly quite lately to 
protect and improve the health of workers. To 
achieve this object numerous appliances have been 
devised and protective measures introduced to free 
the atmosphere of the industrial establishments from 
]>oisonous dusts as far as possible. A rapid develcq)- 
ment of Industrial Hygiene should, therefore, be 
aimed at to keep pace with the industrialisation of 
the country, otherwise the health of the workers 
would deteriorate and the establishments would suffer 
heavy loss by way of workmens* compensation and 
inefficiency of the workers due to ill health. 

. Calcutta or any other indu-strial city in India, 
is very backward industrially in compari.son with 
any large city in Kurope or in America. 
With the present .state of her public health 
organisations having schemes in view for 
developing Industrial Hygiene with necessary 
laboratories and scientific equipments for the 
study of the dust problem, Calcutta, or for the 
matter of that any industrial city in India, is at the 
present moment ill-equipped for rapid industrialisa- 
tion. We might imagine what would have been the 
condition of our industrial workers and also of the 
general population if Calcutta had made the same 
progress industrially as she has made with respect to 
her size and population. Tho^ who are in charge of 
planning post-war industrial expansion, should take 
note of these facts and proceed accordingly. Illiteracy 
and want of civic and sanit^y consciousness as its 
corollary, would make the problem more difficult in 
this country. Dr Sayers, Chief of the U. S. Bureau 
of Mines, says that “the protection of the health of 
our workers is indeed an important health function 
and one which can be handled best through a govern- 
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mental agency co-operating with the employers and 
workers. Responsibility for safeguarding the health 
of industrial workers rests chiefly with State and local 
government.** 

Just to form an idea of an industrial city, as it is 
understood now, we might refer to New' Yoilc City 
w’here “during a typical year there are discharged 
into the atmosphere 300,000 tons of soot, tar, cinders 
and fly-ash, and 350,000 tons of sulphur wdiich form 
about r, 000, 000 tons of sulphuric acid.’’ It is need- 
less to say that quite an appreciable amount of these 
noxious substances get into the system of the workers 
as well as of the people living outside, but on account 
of the higher standard of living, good health and 
increased ix>wer of resistance they are able to fight 
successfully against these heavy odds. 

Dust— An Index of Industrialisation 

One of the tables (Table 1 ) included in the note, 
shows some analytical figures obtained by analysis in 
our laboratory of a few samples of du.sts collected 
from different parts of Calcutta. They were very fine 
dusts deposited slowly on the tops of Ixiok-shelves, 
alniirahs, electric casings on the ceiling, etc., and 
were absolutely free from any coarse or gritty parti- 
cles usually found in the floor dust. The metals 
detected in these samples are partly of industrial 
origin and partly from other sources, c.g., the traces 
of aluminium present there must have come from the 
soil, lead and arsenic from crumbled paints and colour 
wash and also to a certain extent from few industries 
in which they are used. Iron and zinc and perhaiis 
calcium, arc mostly of industrial origin and their 
comparatively Iiigh figures indicate some industrial 
activities in this direction possibly due to war efforts. 

• In Table II, the figures, showing only the inor- 
ganic poisonous constituents of dusts, taken from the 
Public Health reports of the City of Leeds, have been 
shown side by side with the corresponding figures for 
Calcutta dusts. They have been magnified for pur- 
poses of comparison by simple conversion from ‘per 
cent basis* to ‘parts per million basis’. 

It is evident from the tables on the next column 
how Calcutta lags behind in the race for industrialisa- 
tion. Lead, arsenic or copper is, of course, not the 
only criterion for judging tlie industrial development 
of a place but considering the variety of industries in 
which these metals are used one would not likely. to 
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be much far from the truth if these metals arc taken, 
so to say, as yardsticks to measure the progress of 
industrialisation. Lead, for example, is used in as 
many as twenty important industries, all of which 
are essential for the production of what we call the 
amenities of modern civilised life. Dust may, there- 
fore, be considered as an index of industrialisation or 
in other words of civilisation, just in the same way 
as consumption of sulphuric acid is claimed by 
chemists to be an index of civilisation or more 
familiarly, consumption of soap is claimed by ladies 
to serve the same purix)se. 
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BOOK REVIEWS 


Manometric Method^.'— By Malcolm Dixon. Second 

Kdition, tq 4.^. Pages 150. Published by Cam- 
bridge University Press. 

This bfx>k deals with methods, whicli have come 
into extensive use in biological investigations, for 
following reactions in which gas is either absorbed 
or given out. As a result of repeated attempts for 
si tidying the res]>iration of isolated , tissues and of 
microorganisms, the enzymic oxidation and reduc- 
tion and the progress of various chemical reactions ; 
a number of manomatric methods have been evolved 
by different workers. Dr Dixon, who has workoil 
extensively with these methods of investigjition, re- 
moved a long felt want by jircseiiting to the 
scientific world a comprehensive and critical descrip- 
tion of the various methods, by publishing the first 
edition of this liook in iQ.^3. In subsequent years 
considerable advance took place, specially, in the im- 
provement and refinement of the methods and their 
aiiplication to an ever increasing varieties of jiro- 
blems. vScveral highly sensitive manometers for 
ultra-micro estimations by which exchange of gas of 
the order of one-tnillionih of a cubic centciiieter can 
he measured, have been constructed. The prc.sciit 
throughly revised edition, with many new additions 
recording the advance made, has added considerably 
to the value and usefulness of the volume. In Part T 
of the book an account is given of the construction 
and theory of the various types of manometer used, 
while Part II supplies guidance in detail for the use 
of the various methods which arc now available. 
Workers in the field will feel grateful to the author 
for the clear description of the improved techniques 
and of the micromethods. The set of protocols of 
actual experiments will be very helpful to inex- 
perienced workers. 


An Introduction to Industrial Psychology — By 

May Smith, M.A., D.Sc., Cassell & Co. Ltd., 

London. Price 7s. 6d. net. • 

To many in our country Industrial Psychology 
is still a mystery. Even those who ought to know 
liettcr often naively ask how can psychology be 
.applied to industry ? To them, the hook is an effec- 
tive answer. It gives a broad survey of the scope of 
the subject and reveals the actual nature of the many 
individual and social psychological problems that in- 
evitably arise whenever many people come to work 
together in factories and business houses. To the 
enthusiast, on the otlicr hand, who believe.s that high 
grade performance by workers in standard tests and 
adequate environmental factors arc the only condi- 
tions necessary for bringing about the millineuni in 
industrial sphere, the book rightly serves as a warn- 
ing. It draws attention to the erroneous assumption 
lying behind such beliefs. The total man is not just 
a sum of parts. Miss Siiiith insists again and again. 
Coming from one who herself has been a worker in 
this field for a number of years the caution should be 
Imrne in mind by all new comers. 

The book does not give details of the many tests, 
methods of applications, etc, and tlierefore cannot be 
recommended as a text-book. Still one would be well 
advised to go through it before beginning a serious 
study of Industrial Psychology. Laymen as well as 
would be specialists vvouhi both be l>enefite<l by a 
l^rusal of the book. 


B. B. S, 


S. C. M. 
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LETTERS TO THE EDITOR 


[The editors are not responsible for the views expressed in the letters. 


A MILDEW ON JUTE 

In November ig42, a mildew was observed on 
jute specially j»rowii in winter for crossiii.t;' work. It 
remained on the crop ui> to the end of February. In 
AuKii^'t it 'vas noticed on the main crop which 

was raised during the monsoon, 'fhe symptoms on 
this crop are not prominent as only a few greyish or 
whitish patches ai>pear on the stem and very scarcely 
on the leaves. On the winter crop however, promi- 
nent patches of mildew api)eai «)n the upper surface 
of the leaves. They coalesce and cover up the entire 
lamina (hi.n. hi). When the infection is extensive. 



I'lr., l (a). Leaf sliowiiij; llu’ iwm-tlcry milder 


the lower surfaces of leaves also j»et covered with the 
mycelium. In severe cases the attacked leaves be- 
come crinkled. Unlike the monsoon season, during 
the winter the leaves are first infected and then the 
stem. The entire stem, flower-bearing branches and 
capsules (fig. ib) are ultimately affected. The fungus 
appears on the iietiolc, stipule, and axillary leaves 

•6A , 


as well. The attack is superficial and if the fungus 
is scraped off from the scat of infection only a slight 
disc«»louration ir> seen. Foth C. capsutaris and ('. oli- 
torius recorded the infection but the disease was con- 
siderably more in the former. Wild jutes, C. aeu- 
tanjifulus and C'. UiseicHhuis, did in)t .sliow any in- 
fection. 



I'iC. 1 (f>). vSlciii ai\il llowiT liLTiriiig Iiraiiclics 
with mp.sules showing ihc powilfry inihlcw. 


The fungus forms extensive network on all the 
above-ground parts. The network c«)nsists of hyaline 
and septate hyphae ranging in diameter from 2’9 
to 7*8 fi which send out numerous upright coiiidio- 
phores whoso size and shape vary. They are cither 
long and slender or short and stout measuring from 
/o'o to i4o’o«, the average living 94\s /^. From 
the end of these, hyaline, elliptical smooth i-celled 
conidia arise in basipetal succession often in chains 
of two or more. The size of conidia varies greatly 
and the frequency array of measurements of 300 
conidia is given in Table I. The range of variation 
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in k-iiKth is very larRc but is not niucli in wultli. 
On an avcraRC they measure s.Vo /* by i7‘4 /*. 
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The eoiiidia have lieeii seen to .nenniiiate readily 
in water. 

No peritheeia haw been seen to occur on the 
ho.sl. 

h'roin the foreviJ)in.i^ descriptions, the fnn^^ns may 
tentatively l>e named as iUdiiiiu sp on Loichonts aip- 
sukris and olilorius. On perusal of literature the 
occurrence of this mildew on this important host 
appears to he the fii>t of its kind, llolh Solomon' 
and lllumer“ do not record occurrence of an\ mildew 
on any ^eiius in the family Tiliaccac, 

11 . S. V'ARAIU Rajan. 

Jute Agricultural Researcli Ivahtwalories. 

Teji'aon, Dacca, 

1 1 -I i-io 4 ;v 

' Stiliiinon, 1'!. S.. \ innnD.yripli nf llie lCr>sipli;nx*.'U*. Mem. 

Toney Jiol. Club, U, 1 2*l2. 1!KM). 

“ hliinier, S., Pir hjysiplnhi’cii, AliUel euriipas Zurirli, 


TRAMETES FLOCCOSUS BRES. IN CULTURE 

Tra metes iJoccosus is a member of the family 
Polyporaceae. It was lirst collected by Mnrrill in 
^lexieo in upo and described as (^lonodcrmus areo- 
latus^ which is a synonym of the species. It was also 
collected from Africa and was described as homes 
introsluhfnus by llennin.us. The si)ecies had been 
collected from Ceylon and identified as Formes 
Jloccosus by Lloyd' who re^anled it as .synonymous 
with Folyporus Icrisissimiis. Lloyd later on referred 
it correctly to the j»enus Trameles. 


'I'lic fiiiiRUS is Avidely distributed all over the 
tropics. It is common in tro])ical America including 
Mexico and (lUalemala. It also occurs in Central and 
Kast Africa (Kenya), Ceylon and India (including 
Hengal, Poinbay and Madras) extending upto north 
Australia. Pose’’ first reported its occurrence from 
Pen gal. 

Fresh sporophores of T. JJoccosus were collected 
in large numbers from living and dead tree trunks of 
Fiats rcti^iosa Linn, from Calcutta, in July, 1042. 
Spore-deposits from such a sporo])hore were taken 
«m sterile agar plates in the usual way. 'Phe spores 
were then transferred aseptically to culture tubes 
(()" X t.s'b containing potato-dextrose agar prepared 
by Prit//s method.' (Growth in all cases started 
within 24 hours and several ai)pressed and colourless 
mycelia were soon obtained. These cultures were 
kept exposed to the diffused light of the laboratory 
at the ordinary room temi)eraturc. 

The initial growth was rather slow and the 
superficial mycelium soon i)rodnced a sub-felty to 
felly mat with narrow, appre.ssed and sodden 
advancing /.ones. In 15 days after inoculation, the 
mat in all cases invariably became felty but the 
character of the /.one of advance was not altered. 
About this time the slants were completely covered 
and the surface of the mat, duo to irregular conden- 
sation, became slightly uneven. In .^o-days-old cul- 
tures the mat became much condensed but remaineil 
felly throughout. 'Phe eohinr of the mat was mn.stly 
white but towards the upper advancing zone, shades 
of pale yellow’ t)range‘’ and i)ale ochraceons salmon 
apiH'ared in patches. (Gradually a lump was formed 
over the inoculum showing a resu]nnate patch c»f 
fruit-body with minute pore mouths (fig. i). 'Phe 



i’K'.. 1. T. I'loccosiis In nilture •allowing rriu'litu'.’ilinn 
at the cciitri\ 


IKirous surface at first appeared pure white but later 
gradually ac<iuired a tinge of lighter shade of light 
buff. Similar fruit-bodies were alsf) obtained in other 
culture lubes. The pores on the liymeiiial surface 
in some culture tubes became slightly irregular 
depending on the irregular nature of the growth. 

Such a fruit-body, on .section, .showed the pre- 
sence of numerous ba.sidia xyitli basidiosporcs and a 
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few cyslidia. The basidiospores arc narrow, ellipti- 
cal, hyaline, .smooth walled and measure i .i-i/i/i x b/i. 
h'rom one of the fruit-bodies ol)tained in culture 
spore-dejiosits were subsequently obtained from which 
new i)olysi)orous cullures were made in the usual 
way. Three such cullures also fructified in about a 
month. 

For makiiiju^ wood-block-cull ures a normal and 
healthy piece of wood of h'irus rcli,^iosa, a natural 
ho.st of the fungus was cut into convenient numbered 
blocks X y Tlie dry wei.uhts of these* were 
determined in the following way. The blocks were 
placed inside a hot air oven at 45°-5o®C for 24 hours. 
These were then taken out, cooled, .separetly weit»hed 
and rejdaced in the oven. This process was repealed 
fr)r several days till they attained a final constant 
weight. The blocks were subsequently soaked in 
distilled water for about an hour. Froloji^^ed soaking 
was puri)osely avoided in order to prevent soluble 
substances from beiiiK leached out and thus reiiderinj; 
the blocks i)oorer in nutrient content. After sr»akiii!4, 
the Idocks were i»laced in Roux tubes with some 
water at the base, care beiiij^ taken that the 
blocks were not in direct contact with the water 
below. The lubes were then pluj2p;e<l and autoclaved 
at 15 lbs. pressure for 20 minutes. An inoculum 
coiitainiii}; 4-days-old mycelium of the fuiiRUs was 
init aseptically on the U])per cross-sectional end of 
each block and tubes placed under similar conditions 
as slated above. 

The ^>rowth was at first rather slow but later tm 
copious vegetative jiiowth covered the external sur- 
face «»f the wood-blocks. Xoiie of the cultures have 
as yet fructified on w(jod. 

I'bservaticjiis are now l>ein.e made on the loss 
of weight of the wood due to funj^al attack in 4 
nn)nths, s])ecific action of the fun.i’us on the wood 
and the type of rot produced, the results of which 
will l)e coniimiiiicated later on. 

Our sincere lliaiiks are due to Pn»f. S. 1 *. 
A.L-harkar, Head «)f the Hepl., for the facilities .eiveii. 

SAcniMun X.vni Hankrjki* 
IbMAi. Kumar llAK.sin 

nepartmeiit of botany, 

Calcutta University, 

Calcutta, 

‘ Ivloyd, C. t)., M>o.l.)Rii*al Nntfs, No. fit, p. jOlO; Nf>. to, 
p. Il»n2; No. 72, ]i. 121)1; t’iiieinnali, Oliio, 
H>20-2-1. 

■ Index tif the MyccjUiRii’.iI Writinjifs. S\nop- 

sis of tlie genus l•'owcs, ]>. 220, Cinriniiati, 
1015. 

* Rose, S. R., poly])iiraeeJie of Heiig.'d, Part IV, Hull. Car~ 

michacl Med. Coll.. lUdgarliia, 1921. 

* Frit/., C. W., Cidtiiral criteria for t1»e ilistiiictioii of wood- 

destroving fungi. Trans. Koy. ,Soc. of Canada. 17, itnl 

vSer., i92.^. 

'' Ridgway, R., Colour standard and colour nomenclature, 
Washington, 1912. 


ZONES OF PROGRESSIVE REGIONAL METAMORPHISM 
AROUND TISTA VALLEY, DARJEELING DISTRICT 

Tiik Tista valley in the Darjeeling district lying 
between the hill region of Takdah, (liele and 
Feshoke to the west and that of Kalimpong to the 
ea.sl, is occupied by low grade slates, idiyllites and 
schists of i)elitic and greywackish composition. They 
belong t«) the Ihding scries r)f Mallet.' 

rp the hill sh)i»es both to the east and the west 
the h)W grade schists etc. pass into ]»rogressivcly nuire 
metamorphosed schists and gnei.sses. 

Five distinct /.tnies of progressive metamorphism, 
essentially regional in nature, can be recognized and 
mapped within the nietamoridiic series, r/.:., a chlo- 
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I'm. 1. Zoiu-s of l*rogrl•^^^ivc Regional Mct.iiiiorpliisni 
arinnid Ti^la \’iilk*\ , Darjeeling District. 

rite, a biotite, a garnet, a kyanite and a sillinuuiile 
/.one, disposed as shown in the sketch map. The 
Daliiig— Darjeeling (biei.ss boundary of Mallet (op. 
cil) runs within our kyanite zone. 
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Thu four iso^^raclic linos bouiulin** the five zones 
have .boon traced from the first appearance of the 
index iiiiiicrals, liiotite, j^ariiet, kyanite and silli- 
nianite. For this purpose iielitic schists only have 
been taken into consiileration and microscopic 
examination of rock slides was always necessary ; 
field observation often fails to reveal the index 
minerals. (Ireater precision in inaiiijiiiK the zones 
can be, therefore, attained by examining' specimens 
taken at closer intervals across the width of the 
/ones. 

The stanrolile iso.nrad is not a separate line here. 
Allhoni'Ii widesjnead and abundant, particularly in 
the Peslioke spur, stanrolite is always accompanied 
by kyanite or and sillimanite. The stanrolite /one 
is here inissini; ; the kyanite zone containinj* abun- 
dant stanrolite, comes directly a.eainsl the 
zone. 

The liiLiher zones, from the sillimanite zone to a 
portion of the ^ariiet zone, have been iniprej*nated 
with (luartzo-felspathic inaKinatic fluids and tourma- 
linisers. A line can be drawn (as shown in the map) 
demarcatiiij* the area of such i in preji nations from 
the area free from them ; the line runs within the 
garnet zone and partly within the biotite zone. 
Alon.i* this line there is evidence of more localised 
and concentrated iji» neons activity. The schists 
occurriuj* here show at the same time some charac- 
teristics attributable doubtfully to shearinj; ; evid- 
ences are, however, yet inconclusive re^^anlin^ posi- 
tive exi.steiice of a shear or a thrust bell. 

'file five zones here have all the characters of 
correspoiidiii!;; zones of Harrow and Tilley." 

Ill the sillimanite zone near Takdah occurrence 
toj’cther of silliniaiiite, kyanite and stanrolite in the 
same rock slide has been noted. This recalls the 
occnrreiiee together of sillimanite and kyanite from 
some rocks of Gliooin and the Nepal frontier in the 
Darjeelinj* Hills.’ 

Some interest attaches also to the low e:rade 
Krcywacke-schists, which show, sometimes even in 
the >iarnct zone, sij.'ns of deformation by stress, such 
as retro.mession of biotite ami ftarnet to chlorite and 
Krauulation of albite porphyroblasts. Such effects are 
widespread and re>>ioiial rather than local. 

Detailed account of the rocks ami their meta- 
nioriihic and slnictiiral peculiarities will be discussed 
elsewhere. 

S. Ray 

(I colony Department, 

Presidency College, 

Calcutta, 23-T2-43. 

' M.'illet, I*. R. Metu. CmCoI. Siirv. Inii., II. l-9(), 1874. 

* Hnrr.)w, (i.— /’irtr. (icol. Assoc., 23, 274-90, 1912; TilU-v, 
C. n.-Q. J. Ocol. Soc., 71. 100, 1925, 

’ Ray, S. K. Q. J. Ccol. Mhi. Met. Soc. Iiid., 7. 32. 1935. 
1*1. IV. riK- b 


TEMPERATURE OF THE SOLAR REVERSING LAYER 

It is well known that molecules exist in the rc- 
versiiiR layer of the sun and that they Rive rise to 
hand siieetra. Determinations of the relative inten- 
sities of the lines in these bands furnish valuable in- 
formation rcRardiiiR the physical conditions in the 
reversing layer. In recent years there have been 
several investigations in this direction. Hut many of 
these are only of a (lualitative nature. The CynoReii 
band at A 3S83 is very well suited for such studies. 
The relations that exist between the lemperalurc of 
a diatomic Ras in thermal eciuilibriiim, the molecular 
constants and the relative intensities of the rotational 
lines have been applied for determiniiiR the tempera- 
ture of the reversiiiR layer. The earliest itivosliRa- 
timi was that of PiiRe.' His deterininalioii was only 
from a visual comparison of the intensity distribution 
in the Fraunhofer CyiioRon lines with those in the 
arc and fiiruace spectra obtained in the laboratory. 
From a knowleilee of the temperatures of these 
terrestrial sources, he estimated the leniperatnre of 
the reversing layer as about 4ooo°K. Later Roach' 
nsiiiR Rowland Intensities arrived at . a value of 
563 o®K. Afore recently Leon HHtzer’’ for the 
first lime attempted a (ptaiUitalive stiwly of 
the intensities of the lines in this baud and 
obtained a value of 4500®K. He photoRraphed 
the solar spectrum with the 75-foot tower tele.scope 
of Mt. Wilson haviiiR a linear di.spersion of 3mm. ])er 
AiiR.strom. Hut his exposures for the solar siiectrnm 
were unusually Ioiir raiiRiiiR from .^o minutes to 4 
hours. DuriiiR such Iour intervals the sky condi- 
tions will never be constant and it is very necessary 
that plates intended for pliotonielric work should he 
taken under constant .sky conditions particularly to 
avoiil the uncertain influence of the varyiiiR sky con- 
ditions. Since investiRations of this nature provide 
valuable observational material for an analysis of the 
physical state of the .solar atmosphere, speclroRiams 
coveriiiR the rcRion of the CN hand at A 3S83 were 
secured by the author at the Kodaikanal ( Ihscrvatory 
diiriiiR the last ten months and from the larRe number 
of plates available, only those of the finest (piality 
were finally selected for photometry. The spectra 
were secured with a Rlass Littrow SpectroRraph RiviiiR 
a linear dispersion of about 2 5 mm. per AiiRstrom 
in this rcRion. Fxposiircs of i to 2 minutes were 
sufficient to Rive Rood iiictiires. The instrument is 
desiRiied to minimise the sysletnalic errors due to 
the .scattered HrIU in the spectrograph. Standards 
were impressed on each plate by a step slit. The 
intensities of the band lines were measured from 
niicrophotometer tracings nsiiig for this purpose the 
Cambridge Photoelectric Alicrophotometer. 

It is seen from the theory of the band .spectra 
that measurements of the po.sition of the maxiiniini 
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intensity in a band should be an excellent method 
for determining stellar temperatures and it can be 
shown that for the CN band Jmax= 0*434 wh^c 

‘T* is the temperature. From the photometry of 
this band it is found tliat Jmax faUs in the vicinity 
of 31 giving the excitation temperature in the re- 
versing l||^er as sioo^K. 

This result has been confirmed by an alternative 
‘ method of calculation. It can be shown that *Uog ^ 1 - *’ 
' (where ‘I* is tlie intensity and ‘i* the relative inten- 
sity factor of the rotational line) when plotted against 
“J (J + 1 )** gives a straight line the slojic of which 
involves ‘T*.’ A least squares solution was made to 
determine the sthiight line and a value of T=496o ± 
loo^K was obtained. 

A detailed t>aper embodying* these results will 
be published shortly elsewhere. 

K. Nakahari Kao. 

Solar Physics Observatory, 

Kodaikanal, 24-12-1943. ^ 

* Birgc, A. P. /., 55, 273, 1922. 

•Roach, A. P. /.; 89. 09. 1939. 

• I^on niitzer, A. P. 91, 421, 1940. 


A COMPARISON OF THE LIMB AND DISC SPECTRA 
OF THE SUN 

In the above note the author has described in- 
vestigations undertaken for determining the excita- 
tion temperature of the solar reversing layer from a 
study of the intensity distribution of the CN band 
at A 3883. A value of about sooo^K was obtained 
for the temperature of the layers at the centre of the 
sun’s disc. It was reported by Miss M.G. Adam* 
that her investigations on the intensity distribution 
in the band at A5165 at the centre and the limb 
of the .sun yielded a higher temperature for the layers 
at the limb than those at the centre. In order to 
examine this rather novel result obtained by Adam 
the writer has studied the CN band at A 3^3 with 
a hope of clarifying the situation. A number of 
limb spectra have been obtained with the high dis- 
persion .spectrograph used in the previous investiga- 
tion when the seeing was 5-7 on a scale of i-io. The 
plates were all calibrated from the characteristic 
curves. A range of intensity values were obtained 
for each plate which includes' the limb and disc 
spectra. The temperature has been determined from 
the slope of the curve drawn between log(I/i) and 
J(J+1) as described in the previous note. It is found 
that the limb temperature is in all cases definitely 
lower than the disc temperature, Tumb being 4500 
±ioo®K. 

7 


We may in this connection recall the interesting 
observation of Hale and Adams* viz., “. . . . Carbon 
and Cynogen are particularly interesting (or a com- 
parison of the spectra of the limb and the centre of 
the sun). Many lines in the violet carbon band arc 
of unchanged intensity, or perhaps .slightly strength- 
ened, at the limb. The Cynogen fluting, which 
begins at A 3884 is, on the contrary, very decidedly 
weakened at the limb. . . .” 

It is ix)ssible that the strengthening of the 
carlK)n band lines at the limb observed by Miss Adam 
is not due to the higher limb temperature but to 
some other cause. With a view to investigate this 
apparent anomaly, further investigation is in pro- 
gress particularly as regards the relative intensities 
of the CH and the C2 bands in the laboratory and 
solar spectra. 

K. Narahari Rao. 

Sokr Physics Observatory, 

Kodaikanal, 24-12-1943. 

'Adam, M. O., R. A. S. Monthly Notices, 98, 546, 1937-38. 

George E. Hale atid Waller S. Adams, A. P. 25, 310, 


ABSCORBIC ACID CONTENT OF CHINESE ROSE HIPS 

It has been shown by Wang* that in too out of 
108 healthy persons examined, the plasma ascorbic 
acid content was below 0*4 mg. per 100 c.c. with an 
average of o'lg mg. per cent. Wang and Liao* re- 
ported the nutritional status with regard to ascorbic 
acid of Chungking School children in different 
seasons of the whole year. It was found that in 35, 
65 and 4 per cent of the children in spring, autumn 
and winter respectively the urinary excretion of ascor- 
bic acid never reached the saturation level on the 
second day after administration of the test dose. 
Wang® found that in 79 per cent cases the content 
of ascorbic acid in breast milk was below 4 mg. per 
cent. This is considered to be too low to supply 
sufficient ascorbic acid to meet the babies’ daily re- 
quirements. From the above it is clear that most of 
the Chinese diets are deficient in ascorbic acid. 
Therefore the remedy for this defect is quite an 
urgent problem in China, although in winter months 
there is sufficient supply of citrus fruits in the south- 
east and the south-west provinces of China. 

In this letter are given the results of analyses 
of the ascorbic acid content of rose hips which con- 
stitute the richest source of ascorbic acid in Chinese 
foods. 
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]. Collection and preparation. — ^The rose hips 
were collected from the sides of fields and roads and 
the slopes of the hills in the region of Kolo-shan, 
Chungking and some other places of south-west pro- 
vinces of China, at the end of August. The colour of 
^hips varied greatly from green to yellow according 
to the degree of ripening. After the inedible portion 
had been removed, the edible portion was washed 
with distilled water and then dried in the air. 

2. Determination of Ascorbic acid. — i-a grams of 
fresh rose hips (E.P.) were ground in a mortar with 
a little acid-washed sand and 5 c.c. of 4 per cent 
inctaphosphoric acid solution. The fine paste was 
poured and washed with 10 c.c. of dilute metaphos- 
I)horic acid into a centrifuge tube and centrifuged for 
10 minutes. The supernatant liquid was transferred 
to a cylinder. Tlie4)recipitale was washed three times 
with 15 c.c. of 4 per cent metaphosphoric acid each 
time. The wasliings and the first extract were com- 
bined and diluted to a total volume of 80 c.c. with 
4 per cent mctapho.sphonc acid solution. The ascorbic 
acid content of the extract was determined by the 
usual titration method using 2 : 6 dichloropheno] indo- 
phenol. 

table I * 

Ascorbic Acid content ov Chinese Rose Hips (tng./g) 



colour of fruits. 

Sample No. 

green 

yellow 

1 

12’61 

22-23 

2 

15-53 

22-50 

3 

16-89 

22-60 

4 

17-00 

23-15 

5 I 

1801 

.23-42 

6 

19-52 

25-08 

7 

19-25 

25-61 

8 

20-00 

25-89 

9 

20-10 

26-50 

10 

20^39 

26-52 

Average 

17-93 

24-35 


3. Results and Discussion. ---The results arc 
shown in table I. It will be seen that the ascorbic 
acid content of rose hips varied greatly with the 
degree of ripening. The green hips contain ascorbic 
acid from 12*61 to 20*39 mg. per gram with an 
average of 17*93 mg. per gram, while the yellow 
ones contain 22*23 — 26*52 mg. per gram with an 
average of 24' 35 mg. per gram. The average con- 
tent of ascorbic acid of ripe rose hips is double that 
of the Emblic fruit.* A comparison with the usual 
rich sources of ascorbic acid such as Chinese citrus 
fruits and vegetables is given in Tabic II. It is 40 


TABLE 11 

The comparison ov Ascorbic Acid content ov Rose Hips 
« AMD Citrus Fruits and other vEGSTABirES 


Names 

mg. per gram 
orperc.c. 

Reference 

No. 

Green hips 

Yellow hips 

17-93 

24-35 


Emblic fruits (green) 

^ „ If (yellow) ... 

9-96 

8-46 

0-70 . 

0-56 

0 -^ 

0-26 

0-47 

0-13 

4 

Orange juice (Fn Chow) 

.. 

„ „ (Knn aiow) 

Tangerine juice (Chi-Kiang) 

.. (Fu Chow) ... 

„ „ (Wen Chow) 

« 

Green Amarantli ... 

Pea Sprout 

1-17 

1-04 

T 


and (JO times more potent than the juices of orange 
and tangerine respectively, and about 20 times than 
of green amarantli. The rose hip, therefore, is the 
richest source of ascorbic acid among Chinese foods. 
It will easily meet the daily requirement if an adult 
weighing 66 kilograms can take one half of rose 
hip a day.* We strongly suggest that the authorities 
should make this fact known to the people for adopt- 
ing it as food. 

The ascorbic acid content of Chinese green 
and yellow rose hips was determined by the 
usual titration method using 2 : 6 dichlorophcnol indo- 
phenol as an indicator. The average content of 
ascorbic acid in green and yellow rose hips is 
17*93 mg. and 24' ^5 mg. per gram respectively. It 
is about 2, 40 and 90 times higher than that of Emblic 
fruits, orange and tangerine juice respectively. 

Wano Cheno-Fa. 

Nutrition Research Laboratory, 

National Institute of Health, 

Chung King, China. 

26-12-43- 

‘ Wang Cheng-Fa, The Chemical News leaflet, 6, 16, 1043. 

/. Chinese Cheni. Soe., 10, 45, 1943. 

■Wang Cheng-Pa and Liao, Hsn-Chen, /. Chinese Chem. 

Soc. in press, 1943. 

' Wang Cheng-Fa, unpublished data. 

* Chen. T. M. Ho, S. Hsieh, K. M. and Shen, T., Biochetu. 
Bulletin No. 27, 1943. 

’ Wung Chen-Fa, /. Chinese Chem. Soc., 9, 97, 1942. 

■ Wang Cheng-Fa, unpublished results. 

' Wang Cheng-Fa. J. Chinese Chem. .Soc^ 9, 141, 1942. 
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FISH ‘‘GOING ON HOLIDAY” 

In India, people now have realised the envigorat- 
ing effect of a ^change’. So those who can afford ii 
generally go out for a change to a health resort 
during vacations. 

In Europe, people have gone deeper into the 
thing and; almost everybody generally goes out 
annually for a change which goes by tbe name 
“going on holiday”. Even labourers of factories get 
a leave for a fort-night annually for such a change^ 
Experts of health are of opinion that even a change 
from one part of ^ city to another has the desired 
effect. ^ ^ 

Now fish can also get the envigorating effect 
with a change. Even traqs{erence of fish from a big 
pond to a small one for a week may have the desired 
effect and more so on retransference to the big i)ond. 
This sort of change should be done for a week in 
every six months. 


The effect of such change is found indirectly in 
rivers where fish generally get a change often as they 
migrate from one place to another, and for this reason 
their rate of growth in rivers is much more than in 
stagnant ponds. 

We have also noted the envigorating effect of 
change even in small aquaria in the cases of small 
variety of fish, such as, Barbus conchonious, Barbus 
iicto, Amblypharingodon mola etc. This sort of 
change not only gives vigour but it gives a stimulus 
for ready spawning mostly in fish mentioned above. 
On transference of mature males and females of the 
fisli during breeding season from ponds to small 
aejuaria we have noted on several occasions in our 
laboratory the immediate starting of spawning. 

Zoology Department, 

Calcutta University, H. K. M(K)kkkjuk 

Calcutta, 3-1 -1944. 
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Botany 

Progress of Botany with Special Reference to Economic Plants 

T. S. SABNIS 


TOURING the last three or four generations the 
^ progress made in improving the numerous plants 
and animals which i)rovide us with food, clothing and 
ornament has been astounding. The progress 
achieved by the hon-scientific methods in earlier cen- 
turfes was no doubt good, but it could hardly have 
stood the strain of the modern political problems and 
helped to satisfy the industrial and commercial re- 
quirements of to-day. 

The world was first made alive to the possibilities 
of the science of plant breeding by the worltf of Luther 
Burbank in the last decades of the last century. 
Since the year 1900, however, a fresh impetus was 
given to work on most of the cultivated plants all 
over the world. Whereas results of great economic 
importance were .secured with wheat in America, 
England and India, and advances made in several 
other crops also, the work led to important findings 
of scientific interest as well. 

Intensive work with selection and cross fertiliza- 
tion of indigenous material was followed by explora- 
tion of useful material in different parts of the world 
and new forms, possessing great resistance to diseases, 
frost and drought u ere introduced, specially in Russia 
and the United States of America. Along with the 
introduction of new lAants tias been going on the 
work of changing the existing forms by means of 
X-rays and ultra-violet rays. 

Another development of botany has been plant 
ecology, that is, that branch of botany which deals 
with the effects which the various environmental 
factors produce ttpon plants. In dealing with the 
problem of controlling vegetation, either for agricul- 
ture, forestry or for the improvement of grassland, 
plant ecology, by investigating the fundamental laws 
concerning growth of plants in relation to the environ- 
mental factors, will be of much help. 

Much attention has lately been paid to one of 
these factors, viz. light. By subjecting plants to con- 


trolled illumination, and sometimes, when necessary, 
by artificially giving them additional illumination, the 
growth periods of crops have been markedly changed, 
thus making possible certain breeding experiments. 
The information secured is, besides, u.seful to the 
agriculturist and the horticulturist in their attempts 
to grow plants in new environments, different from 
those to which the plants belong. 

The study of response of plants to different tem- 
peratures has led to the process originated by Russian 
scientists and now known as vernalization, which 
consists of giving to the seeds certain temperature 
treatments. Vernalization has enabled Russia to 
luxuriant crops of winter wheat in areas in which it 
was formerly impossible to grow it successfully. 
Thus the process has enabled agriculturists to 
triumph over Nature's climatic barriers. A great 
deal of work in this direction is now being done in 
the different countries. 

Another factor which stimulates plant growth 
resides in the plant itself but it was discovered only 
recently. It is known as the growth regulator and is 
something like tha growth hormones of the animals 
in nature. , Prepmtions of plant growth regulators 
are now being used for stimulating the rooting of 
plant cuttings or seedlings which are normally found 
difficult to be propagated. 

Researches on the nutrition of plants have led 
to the discovery of the important role which some of 
the elements play in the life of most plants. These 
elements are required only in traces, yet they are 
essential. Their deficiency was at times responsible 
for failure of vast crops, but with the knowledge 
gained the crops can now be saved by supplying the 
deficiency. 

Not the least important researches to increase the 
production of economic plants are those which deal 
with plant diseases. Much has been done in this 
direction by breeding resistant varieties of plants. 



Chemistry 

Some Aspects of Modern Inorganic Chemistry 


K. C. 


A^HKN Ramsay first isolated the rare jiases of the 
atmosphere, it seemed that chemically they 
would be ' uuiiilerestiujj because of their extreme 
chemical iiierliiess: In recent years, however, a lar«:e 
variety of compounds o£ these inert ^ases has been 
prepared. To-day they have received hot only various 
industrial applications and neon Imhts are blaxin^ 
forth their messages in all the cities of the wtnld, 
but also they have been of utmost importance in the 
development of chemical theories. 

Theoretical considerations will show that the rule 
of zero valency cannot be strictly true for tlie inert 
jLiases. Ill the first place, each inert «as al<»ni has 
four lone pairs of electrons so that it can act as donor 
atoms in the formation of the co-ordinate link. 
vSecondly, a.s the maxiniuni number of electrons 
possible in a quaiilnm K^onp of n is an*, it is evident 
that the third and higher j*roups in arKi»n, kryptem, 
xenon and radon are capable (d expansion .so that 
they niiiiht be expected to act as acceptors of elec- 
trons. Thirdly, when the inert i»as atom is suitably 
excited, one or more electrons may be ])roinotcd to 
the hi^lier (luantum level ; in this state they will re- 
semble a uni- «)r bi-valeiil element and compound 
formation may take ]»laee.^ ^AlLAhe three iKissible 
types of compouiuls have now ftfen prepared. For 
exani])le, the arnon fluoborates (A. BFj, ; A. 2IIF3 
etc.,) of Hooth and Willson, Nikitin’s hexahydrates 
of neon and ar^on, and the helides of mercury, 
tuni^sten, sulphur, phos|ihorus etc., i»repared by 
Manley, lloomer, Damianovich and others may be 
cited respectively as representatives of the three types. 
Hut little work in this line has been carried (»nt in 
this country. 

A laiKc amount of research w«)rk has been 
carried out duriiiR the last .^0 years in the cheini.slry 
of boron compounds. The pioneer work on boron 
hydrides has been done by Stock, Wiber^ and their 
co-workers in Oermaiiy. An admirable summary of 
all the earlier work has been niveii by Slock in his 
Baker lectures wliidi also contain a detailed descrip- 
tion of the hij^h-vacuum technique used in the iseda- 
tion and manipulation of these highly reactive and 
volatile h^'d rides. Hydritles of Iwron described iu^ 


literature may be divided into two classes of the 
general formulae BnH.H iaud 

: F.H.., H.H,, 11 , 11 ,... lh.,H.,. 

: H,II,.„ 11,11,.,. 

They are all colourless substances, raiinin.e in vola- 
tility from diborane, which has a boiliii).: point 

of - 02’5® to BioH,, which forms characteristic crys- 
tals meltinji at QC)‘7®. Farlier work on boron hydrides 
has been extended by Schlesiiij^er, Ihirj; and others in 
America. They ha\V discovered a new method of 
preparing diborane, by the action of hydrogen on 
boron trichloride (or tribromidc) in a lii^h-voltaKe 
electric dischar.ee, and a laiT'c number of new re- 
actions of diborane. 1'wo of these reactions, namely, 
the action carbon monoxide on diborane and that of 
diborane on metal-alkyls resulting in the hnination «»f 
borine carbonyl and metalh)borohydrides respectively, 
are extremely interestin.i>. The work of the American 
School of Chemists has been fully reviewed in the 
Chemical Reviews of 19^2. 

In this c«)untry Ray (R.C.) ami his collaborators 
have carried out a considerable amount f>f work f>n 
the chemistry of boron. They have studied the 
mechuiiism of hydrolysis *)f ma.qnesium boride and 
found that the first product of hydrolysis is a com- 
pound of the formula, nBlCCNr.q.OH)., which on 
further hydrolysis ;>ives the isomeric borohydrates of 
the composition, llnH-Oj. The « HiJU). has been 

H : B : Oil] 2- H+ 
a.ssmned the con.stitution :: 

11 : B ; OHJ H+ 
and the 

H : B : Oil] 2 ■ 11 + 

t)ic constitution : : 

no : B : IlJ 11 + 

Both the compounds liberate hydrojicii by acids, but 
while the "L-comiMUind yields 4 atoms of hydrogen 
the /1-compound liberates 2 atoms of hvdrogen per 

B : oh' 

molecule with the formation of • and 

B : Oil 



[ 2 J 


H : 1) :.()H 

: : rcsi)cctivdy. In course of these iii- 

HO : B :*II 

vestijfations, two lower oxides of boron, BjOg and 
1^40.., have been isolated in the pure state. The 
oxides -are botli acidic and «ivc rise to the acids, 
IIjBoOj and HaBjO,.. Tlie properties of these acids 
and their correspond in salts have been studied. 

SiinTicient has been said aliout the hydroborons 
and the l)orohydrates to indicate that a new £eld of 
researcli has been opened up in which there exists 
considerable scoi)C for further experimental study. 
The woi[k has revealed the limitations of our know- 
led^^e of the chemical bond, and it is evident that a 
full uiiderstandinj* of the structural chemistry of this 
«roui> of compounds has not yet been reached. The 
relationships between structure and stability of these 
compounds are worthy of more detailed study. 
Further researches on boron compounds may lead to 
a fuller knowledge as to the nature of resonance and 
its relation to chemical bonds ; and the preparation 
of more organic derivatives may also lead to a boron- 
organic chemistry comparable to that of numerous 
silicon-organic compounds ; and there is 110 doubt that 
this new field of inorganic chemistry uill attract in- 
vestigators for many years to come. 

In order to gain a clearer insight into the nature 
of the chemical bond more extensive investigations 
of co-ordination compounds, with a view to deter- 
mine the factors which determine the co-ordination 
number of elements, are also of great importance. 


Although a considerable amount of research has 
centred round co-ordination compounds since the |inie 
of Werner with all the powerful idiysical methods at 
the disi)osal of the modern chemist, and old observa- 
tions have been refurbished in the light of pre.seut- 
day knowledge, yet we are far from understanding 
fully the factors which determine co-ordination. 
Investigations of considerable interest and iiiiporlancc 
are being carried out in this country by Profcs.sor. P. 
Ray and his stdiool at the University College of 
vScieiicc, Calcutta. 

Although the use of more powerfiH and exact 
methods are gradually advancing our knowledge of 
the course of many inorganic reactions *aiid of the 
structure of inorganic com])Oiiiids, a considerable 
ground still remains to be covered. While the struc- 
ture of most organic c()mi)aunds has been carefully 
worked out the same thing cannot be said about 
jiiaiiy inorganic compounds. A systematic study of 
these, itsing the tools placed at our disposal by the 
pJiysical chemists, will yield fruitful results. 

It will thus be seen that the future of inorganic 
chemistry is very bright indeed. It is evident from 
what has been said that a large amount of w’ork still 
remains to Ihj done on the compounds of the inert 
gases, a)mpounds of boron, co-ordpiation comi}OUiids, 
structure of inorganic comi)ounds, and the mecha- 
nism of inorganic chemical reactions and a combined 
attack of what w’ere in former days separate 
‘‘sciences** should be made on the various probleins 
to pro(lucc the most prosperous harvest. 
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POST-WAR EDUCATIONAL DEVELOPMENT IN INDIA 


rpHE Central Advisory Board of Education has re- 
cently apiiroved with some minor inodiKications the 
incinorandum on post-war educational reconstruction 
prepared sometime ago by Mr John Sargent, Educa- 
tional Adviser to the Government of India. The 
memorandum is said to be now under consideration 
by the Keconstruction Committee of the Central 
Government. 

Though the memorandum hixs not yet been made 
public* we arc more or less familiar witli the outline 
of the scheme contained therei^. In his presidential 
address before the Section on /PsycholbRy and Edu- 
cational Science xif the Scicnec Congress this year 
at Delhi Mr Sargent gave an iutline of Uie Scheme, 
and a brief notice of it ai)uca^a^jn> these pages {vide 
Science and Culture, FebruSBK44, p. 339)- 

Briefly the scheme intend the minimum 
provision for a natiomil systeT<‘:J|j|ducation for India, 
a provision which will bring hSl^^tg an approximate 
level with other civilised countries' of the world. 
There is nothing high-flown in the scheme as far as 
provision for different types of institutions is con- 
cerned. Rather it iniist be admitted that the com- 
putations on the bas|^ of which the scheme has been 
framed have been rather niode.st than extravagant. 
India is a big country with a vast population and 
a national system which aspires to serve the educa- 
tional needs of the different sections of the population 
of this vast area will naturally be of large dimen- 
sions. Even if we are only to make education com- 
pulsory for our children, — and we have been demand- 
ing this for so many years and no one wdll be satis^ 
fled with anything less than that — we shall require 


• Meanwhile the Government of India have publushed 
ior general information the full text of the report of the 
Central Advisory Board of Education, which was not avail- 
able at the time of writing and a short note on which appears 
elsewhere in. this issue. 


school accommodation for more than five crores of 
pupils. This is a pretty large miinher. Even then 
wc shall not have provided for children below six 
or above fourteen. To give elementary education to 
these five crores of pupils we shall require at least 
eighteen lakhs of primary school teachers. And to 
provide a living wage, a wage which shall not cer- 
tainly attract the best among our youngmcii and 
women to the teaching profession but which, we hope, 
will attract at least the belter among them, we shall 
require not less than one hundred and forty crores 
of rupees annually. Proceeding with moderation in 
the above manner, Mr Sargent has comimted that 
when the whole scheme will be in fij^eration it will 
reijuire about three hundred crores per annum. And 
it wdll be forty years before the scheme can be put 
into operation in its entirety. (vSome critics are im- 
patient on this account ; but they forget that the 
delay will have been mainly due to the fact that it 
is not possible to conjure up eighteen lakhs of trained 
teachers in one or two years or even one or two 
decades). At the present computation therefore, forty 
years hence India will be spending less than ten ruiiecs 
per capita for education. When we reiiicinbcr that 
England tixlay spends fifty-two shillings (about forty 
rupees) can we very well maintain that Mr Sargent 
has erred on the side of extravagance in preparing 
his scheme? 

No, the difficulty is not there. Wc must realise 
once for all that wc cannot have decent education 
without paying decently for it ; and judging by all 
available standards it cannot be said that to si)cnd 
three hundred crores of rupees fox the education of 
a country with a population of about forty crores is 
by any means extravagant. 

It would be fair to point out that the scheme 
envisages a very slow and gradual increase in the 
cost of education. It has been calculated that in the 
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first five years the approximate incidence of the in- 
creased cost would be about ten crores ; in ten years 
it would rise to Rs. 23 crores and in twenty years it 
would rise to Rs. 61 crores. The present cost of 
education comes to at little over rupees thirty-three 
crores.' 

It would therefore appear that the financial im- 
plications of the scheme arc not as absurd as they 
would at first appear. In fact as far as it goes the 
scheme is excellent. It perhaps too closely follows 
the English pattern but that need not go against it. 
Sooner or later we shall refiuire a plan for the frame- 
work of a national system of education for this 
country and here we have one already to be put into 
operation. And we must congratulate and thank the 
Central Advisory Board and specially Mr Sargent for 
having given it to us. It is true that many of 
the details arc still lacking in the .scheme ; these 
details are still to be worked out. A national system 
of education must be based on national culture and 
it shall be national in outlook. Ilow the present 
system is to be transformed in sjiirit to become truly 
national w'e have no idea of knowing from the out- 
line of the framework as we have here. Nor can 
we guess from it how^ the present administrative 
machinery is to be changed to make it also national 
in outlook and spirit. But once the framework is 
ready these outlines and details will be developed ; 
and we know that the idea that inspired those who 
are responsible for the scheme was nothing more 
ambitious tlian to suggest to the country a frame- 
work for a national system and that is exactly what 
we have here. And as we have said there is nothing 
here one can find fault with. 

We know that grave misgivings have been ex- 
pressed in some quarters whether India can afford 
to finance a scheme which would rcciuire so much 
money. The.se critics feel that it is sure to founder 
on the rock of financial inadequacy. Others there are 
who have (iiiestioned if this is the proiwr time to 
speak of educational reconstruction. They think that 
to talk of reconstruction in the midst of war, famine 
and pestilence is to indulge merely in day-dreams. 
It may even be a way of escape from the grim reali- 
ties of life, a means to distract our attention from real 
things around us. 

We need not be pessimistic like this ; but we 
must clearly state the issues involved. The crux of 
the problem, to our mind, is not in the financial 
implications of the scheme ; it lies in the will to 
implement it. We believe that if only the will is 
there, nothing will be wanting ; not even if we in- 
crease our'educational budget by a thousand per cent. 
If there is to be any doubt, it may legitimately be on 
this score. Is that will to do in evidence anywhere ? 


West of Suez, the Viceroy-designate of India fails 
to understand how people can find money to wage 
WAY and yet cannot find funds for education, the 
sole and certain remedy against w^ar and the only 
sure foundation of peace ; and east of Suez, the 
Viceroy joins issues wuth those who fail to give 
education the first place in any scheme of national 
development. Education can wait, he says. Com- 
munications, must come, then health, and last, educa- 
tion. England had industrialisation long before she 
had a national system of education, it is argued, and 
India must follow the example of England even if it 
means committing all the foolish mistakes perpetrated 
by England. The Viceroy is not probably expected 
to be familiar w'ith the hi.story of education in 
England, but may we bring to the notice of His 
Excellency and his advisers the grim fact that as 
education did not keep pace with industrialisation, 
there was so much w'astage of materials and human 
energy in that country ? In fact, w'hcn in the 
closing years of the last century and the early years 
of the present century England was trying to lay the 
foundation of a national system of education for her- 
self, her chief difficulty was to make up the lag 
between the material and moral evolution of the 
English society. That lag is yet to be made up. 
By raising the school-leaving age, by providing more 
amply for continued and adult education even today 
England is trying to do that. 

Arc w'e not to learn by England’s mistakes? 
Are we to bring in industrialisation with all its 
attendant but preventable evils and then try to atone 
for them, say forty or fifty years hence? And, in- 
deed, how will the industries be supplied with 
efficient and intelligent man powder? In the mean- 
time, w'ho w'ill build up the communications and look 
after the health of the nation -an illiterate and un- 
educated mass? Can we have any effective and safe 
industrialisation without the .safeguard of a national 
system of education ? Indeed, to argue that the pro- 
duction of wealth should be carried out first and then 
education can .start is to forget the intimate inter- 
dependence between the two. It is true that the financ- 
ing of an educational plan must ultimately depend 
upon the production of wealth but it is obvious that 
educated and trained workers themselves would be 
the first agencies for ste[»ping up production without 
l>eing driven like slaves. The Stakhanovite move- 
ment in the Soviet Union, which encourages workers 
to use their brains and invent better ways of produc- 
tion, has been a phenomenal success because it mobi- 
lises thousands of educated w'orkers instead of leaving 
all the thinking to the relatively few engineers and 
supervisors. The fact of the matter is, education 
stimulates production both qualitatively and quan- 
titatively, while the increased production pays for 
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more wide-spread education. Production of wealth 
and the spread of education have reciprocal relations. 

“In the youth of the nation, we have our greatest 
national asset. ... We cannot afford not to develop 
this asset to the greatest advantage". So says the 
White Paper and it outlines a scheme of post-war 
educational reconstruction for England. The state- 
ment is pregnant with a sense of futility of the old 
system and the determination to establish a new 
system which alone can build a new social order. 

In India, is that determination to build a new 
social order in evidence anywhere, specially among 
those who hold the destiny of our country in their 
hands ? 


The reality is that a national system of educa- 
tion can be built up only by a free National Oovern- 
ment. Once that Government comes into power there 
will be no difficulty to simultaneously industrialise 
the country and educate the youth of the nation. 
Russia has fully demonstrated the truth of this. To 
talk of a national system of education without a 
National Government is therefore unreal. This is the 
real issue involved and when we are now talking 
of educational reconstruction let us clearly realise 
this. One has only to remember the late Gopal 
Krishna Gokhale whose fiery advocacy for compul- 
sory primary education requiring only modest finances 
was quenched by the cold shower of Delhi. 


NEED FOR PERSONNEL RESEARCH IN INDIA^ 

SAROJENDRA NATH ROY. 

DKPARTMUNT OK PSVCHOI«OGy, CAI,Cl7m UNIVRRSlTY 


TNDTA is a vast continent with abundance of raw^ 

materials, and a huge population of 400 millions 
of peoide pulsating in it. Men and materials are the 
primary bases upon which the very existence of 
Nations depend, and the proper utilisation of them 
constitutes the es.seiicc of national prosperity. India, 
over-equipped as she is with thc.se primary resources, 
is aw^akc now and is striving for attaining this pros- 
perity, which she feels, she could have attained 
earlier had the resources been organised protierly. 
Leaders of thought are taxing their brains, and for- 
mulating varioiLS plans and schemes for hirthering 
the cause of national advancement. Economical 
security, mass education, industrial development, 
agricultural research and all the traditional constitu- 
ents of national prosperity, figure prominently in 
these plannings. Physicists, chemists, and specialists 
of other objective sciences are found to have been 
entrusted with all responsibilities in these plannings. 
These scientists have undoubtedly made valuable con- 
tributions towards furthering the cause of human 
welfare, and the importance of the part they play in 
nation-Wlding activities cannot lx: exaggerated. 
Without the least intention of minimising importance 
of the role played by these objective scientists I beg 
to raise a very simple question. Are these experts 
fully competent to tackle the two fundamental bases 

• Read before the Indian Science Congress, 1944. 


of national prosperity, I mean, men and materials 
with equal efficiency? The answer certainly would 
be in the negative. Their activity is exclusively in 
the sphere of raw materials, and their contributions 
to the cause of human happiness therefore, are al- 
ways indirect. The direct and scientific utilisation 
of human materials is undeniably a contributory 
factor to national prosperity, but the problem does 
not come within the scope of the objective .scientists 
and for that reason it seems to be completely over- 
looked by our countrymen. As a result of this in- 
advertence, the psychologist, who deals with the 
human materials exclusively, is found to be consjjicu- 
oiis by his absence from nation-building programmes 
where he ought to have a prominent place. In the 
present pai>€r I shall discuss, the aim and scope of 
conducting researches in the field of scientific utilisa- 
tion of human materials, describe similar activities in 
the leading countries of the East and the W’est, show 
their importance and utility, and finally demonstrate 
the necessity and practicability of such researches in 
India. 

It has long been recogni.sod that individuals differ 
vastly in respect of their talents and temperaments 
w'hich fit or unfit them for the various avocations tliat 
their social system provides. There cannot be any 
two opinions on the point, that the work or avoca- 
tion in which a man spends one half of his w^aking 
hours should if possible be such as he can perform 
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successfully and happily. Yet the gravity of the pro- 
blem of occupational misfit, the immensity of the 
total human suffering and economic loss resulting 
from unsuitability of employment, does not receive 
the attention it deserves. Of all the sources of fric- 
tion and wastage in industry, commerce and other 
establishments, the employment of men and women 
in unsuitable tasks should unquestionably be given 
a. place of very high importance. The psychologist, 
the only competent person to deal with the question 
of proper utilisation of human materials, has taken 
up in right earnest the task of preventing any further, 
the increase of the square pegs in the round holes, 
in various social systems. Since the last few decades 
the psychologists of foreign countries have l)een 
making serious attempts to discover the particular 
talents which make for success in the different walks 
of life, and the temperamental qualities which help 
or hinder the use of those talents. Valuable mate- 
rials have accumulated as a result of these attempts, 
which of late have brought about an orientation in 
policy regarding selection of employees. It can be 
stated without any reservation now that non-scientific 
procedures and policies in matters of personnel selec- 
tion are gradually receding in the background by 
giving t)lace to the scientific methods as advocated 
by the psychologists. If we look at the activities of 
the foreign countries, the importance of psychologists 
in solving personnel problems, comes out in bold 
relief. There is rarely any country in the whole 
world now, which has not yet undertaken the ta.sk 
of conducting researches in personnel problems. 
Apart from the different universities where training 
is imparted or researches carried out on personnel 
problems, many organisations, official and non-official, 
are in existence, devoted to similar activities. In 
some places there arc research boards managed by 
psychologists and other experts to wdiich the local 
employers apply for help and in some others the 
employers themselves maintain separate psychologi- 
cal laboratories in their own establishments. I may 
mention in this connection the names of some of 
the.se organisations, carrying on personnel research 
studies in addition to other studies of psychological 
import. 

Kngland.--~(a) The Industrial Health Research 
Board (formerly known as the Industrial Fatigue 
Researcli Board) established under the joint auspices 
of the Department of Scientific and Industrial Re- 
search and Medical Research Council ; (6) The 
National Institute of Industrial Psychology organised 
in igai under the distinguished leadership of Dr C. 
S. Myers. 

Germany.— Organisations like Greater Berlin 
Tramways, Siemens Company, Carl Zeiss and others. 
Similar institutes are to be found in almost all the 
larger cities in Germany. 
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If. S. A , — ^United States perhaps is the only 
country where thousands of organi.sations are engaged 
in personnel research activities. 

Russia.--(a) The Central Institute of Labour at 
Moscovkr, established in 1920, under the leadership 
of Gastev. In 1931, the Central Institute alone was 
reported to have 1,000 branches throughout Russia ; 
(&) The Institute of Labour at Charkow ; (r) The 
Institute of Scientific Organisation of Work at Kasan. 

Australia . — The Institute of Industrial Psycho- 
logy, Sydney. 

Japan. — (a) The Institute of Industrial Effi- 
ciency ; {b) The Imperial University of Tokyo. 
Everywhere, for example in Holland, Belgium, 
Poland, Italy, Spain and so on such organisations 
are in existence, and listing the individual names of 
all those organisations will be simply a wastage of 
time. It is sufficient to say that scientific selection 
of personnel, and researches relating to that, arc con- 
ducted all over the world, and let me add that in 
all these countries these problems are recognised as 
national problems. 

The present war has further accelerated the im- 
portance of ap)>lying psychological principles in the 
recruitment of military personnel. In all countries, 
l)elligerent and non-belligerent, efficiency of personnel 
receives the highest consideration. In the three de- 
partments, the Army, the Navy, and the Airforce, 
the psychologists have been entrusted by the military 
leaders to deal scientifically with the problem of right 
selection, cla.ssificatlon and training of military per- 
sonnel. The pvsychologists admiui.ster suitable battery 
of selection tests to the recruits, and their recom- 
mendations as regards suitability of the latter, and 
the particular training department where the recruits 
should be assigned, receive ready approval of tlie 
authorities concerned. The peace-time establishments 
engaged in personnel re.'iearch work are fully co- 
operating with the military authorities. But as the 
number of recruits who have to undergo testing is 
necessarily very high, considerable number of j^sycho- 
logists is needed, and there had therefore lx?en a 
severe di^aiuing from civil to military lines of the 
psychologists who had been attached to universities 
and other establishments in the pre-war period. 
During the end of 1942 in U. S. A. alone, at least 
25 per cent of the total pool, conservatively estimated 
nearly 4000, of professional psychologists had been 
serving in the Army, the Navy and the civilian 
agencies of Government.^ Though unable at the 
moment to quote the actual figures of psychologists, 
military psychologists as they are called, engaged in 
war work in other countries of the world, it can 
safely be assumed that their number is considerable. 
In addition to some of the civilian personnel esta- 
blishments which have been turned to military esta- 
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bli^mcnts due to war emergency, special military 
personnel research Organisations have been set up to 
co]ie with the enormity ot the size of the Army and 
also for studying the various special problems arising 
out of the war situations. Personnel research sec- 
tions in war time specially came into being, because 
proper personnel selection was considefed essential 
for efficient conduction of the war. They were not 
set up to carry on research for the sake of research 
only. Rather research is carried on as a service to the 
War llepartmeiits, and every problem that is studied 
is born of a real and urgent need. This vitalises the 
entire programme. Freedom and human lives, not 
theories, are at stake.* Tlie activities of the leading 
foreign countries of the world in iieace time and 
during war, regarding undertaking i)ersonncl research 
works amply beaV testimony to the imiiortance of 
such problem. Researches on iJersonncl problems 
therefore can justly be labelled as national problems. 

But wdiat a poor contrast India presents as re- 
gards activities of such sort. It is really unfortunate 
that a human [)roblem of such a serious import is 
completely overlooked by our countrymen. So much 
so that if anybody raises such a (lucstion he is looked 
upon with suspicion and very often than not is 
greeted with derision. The moment the question 
of practical applicability of the scientific principles 
of i)sychology to huinaii needs is raised many people 
wiU be seen to back out, because they feel that the 
I)sychologists* claims arc unreliable and iinpraclical. 
If even at the face of psychologists* activities to the 
cause of national advancement, prevailing in the lead- 
ing foreign countries, this orthodox attitude is still 
maintained it can not be anything but sheer trans- 
gression of the laws of human reasoning. Fortu- 
nately, India is .taking lively interest in all scientific 
activities of the Western countries and is showing 
much earnestness for utilising them for her own 
advancement. The growth of various scientific re- 
searches signals the advent of a new India, not an 
orthodox India, but a scientific India. A bird’s eye 
view of the recent scientific activities of India wdll 
be quite coherent in this connection. 

The present scope of researches in different 
branches of science in India is utterly inadcciuate, 
as judged by her geographical immensity and vast- 
ness of her population. Scientific researches were 
held so long by the people to be of academic interest 
only. The idea that these researches can be made to 
serve national cause began to be apprehended only 
recently. It was felt that research works carried 
out in individual capacities, in university labora- 
tories, or in a few industrial establishments would 
be quite inadequate to cope with India’s demand. 
IMfferent scientific and academic bodies, devoted to 
furtherance of the respective branches of science, 


therefore, began gradually to appear. Notwithstand- 
ing the establishment of these organisations, it was 
realised that so long the active support of the Cloverii- 
mciit was not forthcoming, it would be notiiing but 
puerile to expect 'proper utilisation of science to the 
cause of national advancement. As a result of united 
efforts some of those iion-Governiiicnt organisations, 
like the Indian Association for the Cultivation of 
Science, the Indian Institute of Science, the Bose 
Research Institute etc., received Government support 
ill the form of eiidownienls. The Iiii])erial Ccmncil 
of Agricultural Kesearcli, the Indian Research Fund 
Assojpiatioii and other Central Institutes under the 
exclusive management of the Government of India, 
were also established gradually but I should say with- 
out any consistent plan. Then began llie present 
war. The war has spurred the public mind and the 
Government as well. Iiispite of liaving plenty of 
resources, India, lor lack of sufficient organised bodies 
for scieiitifiic utilisation of those resources, is unable 
to meet the demands of the time. Mobilisaiiou of the 
scientific and the industrial talents of the country 
for research and production of war materials, was 
realised to be immediately necessary and accordingly 
the Board of Scientific and rndustrial Researcli, a 
central all-Iiidia scientific organisation, was set up 
by the Government in the month of April, 1940. The 
Board now receives an annual grant of ten lakhs of 
rupees from the Government.** The Indian scientists, 
the industrialists and the Governincnt have been 
fully convinced that modern devcloi>iiienls in science 
and technology, if utilised to their fullest extent, can 
give to every individual a fuller and satisfying life. 
Critical examination of the facilities for sctenlific 
research and training that arc available in India, and 
drawing up of plans for improving and coordinating 
such facilities are going on at top speed. The scien- 
tists are trying to be more thorough and more ex- 
haustive now than they had been before. One of the 
reasons for such a serious attitude on their part is 
their comprehension that after the cessation of hosti- 
lities India’s status will depend considerably ui)Oii her 
scientific achievements. Demands of the time and 
post-war thoughts all coupled together have made 
the leaders of thought ijuite alert. The dictum that 
“Science is the soul of all progress and the source of 
all prosperity**, has made a deep impression on their 
heart, and accordingly they are forniulaling various 
plans and policies by which Science can be harnessed 
to the needs of Industry and National Work in this 
country. Mr. Sargent, the Educational Adviser 
to the Government of India, has suggested a 
thoughtful scheme, by which education can spread 
and reach the huts of even the remote villages in 
India. The suggestion is a maghificient one and who 
will deny the importance of mass education to 
national cause. Again in addition to the endeavours 
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of private and other agencies the Government of 
India considering that industrialisation is another 
important tool of national progress, are it is learnt 
now engaged in ascertaining the position of various 
industries in the dounlry, with a view to formulating 
plans for the future. A questionnaire drawn up by 
the Government after consultation with the Trade and 
Industry Reconstruction Policy Committee has been 
circulated to various industrial associations.^ In a 
word it may be said that the whole country is now 
throbbing with policies and schemes for bringing 
about an all round national prosperity, and Indian 
scientists arc to play prominent roles for success of 
those schemes. All these are good and undoubtedly 
quite encouraging and it is fervently hoped that no 
stone will be left unturned for utilising this oppor- 
tune moment for advancing the national cause. It 
is fully obvious that we are to depend much upon 
the literature and other help of the foreign countries 
for these scientific activities, and the long standing 
experience of the latter are to be of immense help to 
us for making our efforts better organised. For a 
better organised scientific front none would dissent to 
the fact that proper coordination between the diffe- 
rent branches of science is to be maintained, and a 
l)alanced distribution of importance should be given 
on each and everyone of them. Prof. Crowther in 
connection with planning of scientific development in 
Soviet Russia, observes, **. . . . balanced attention is 
given to all sides of science, that no important branch 
is neglected . . . The different scientific organi- 
sations and boards and the framers of national 
seheiiies do not seem to take cognizance of this fact. 
The iffojccls like industrialisation, mass education, 
agricultural research etc., as 1 have stated at the 
outset, definitely show the want of proixirtionate dis- 
tribiilion of imi)ortaiice. Otherwise how can 
scientific psychology, be excluded from the scientific 
boards and national schemes? I think it is the atti- 
tude of the leaders of thought that is fundamentally 
responsible for the exclusion of such an important 
branch of science. They still hold the traditional be- 
lief tliat prosperity in the material aspect of a nation, 
will give every individual a fuller and satisfying life, 
and that is why exclusive importance is given to 
objective sciences. But the fundamental error in this 
policy is, to put it figuratively, just like fitting the 
material bolts in the human nuts, and making efforts 
to scrape with all attention the ridges of the former 
to make the fit right, without however attending to 
the ciuality of the ridges of the latter. A reorienta- 
tion in policy is urgently needed to solve this situa- 
tion and the activities of the foreign countries in this 
respect should be taken into account. Anyway it is 
high time now, to give a short picture of the status 
of psychology in India and to suggest how its scope 
can be expanded to the profit of all concerned. 


It is to be confessed at the outset that in India, 
Psychology cannot claim a bright past as the other 
branches of objective science can in their respective 
spheres. Psychology as an independent subject-matter 
of study and research dates back to barely more than 
quarter of a century. It was only in 1916, at the 
initiation of* late Sir Ashutosh Mookerjee, that the 
first Laboratory of Psychology in India was estabished 
under the auspices of the University of Calcutta. 
Since then other universities have been setting up 
laboratories. Notwithstanding the serious difficulties 
it had to face, this young science is growing rapidly 
and its field of applications expanding day to day. 
The psychologists of India have realised now that 
only university teaching and secluded laboratory 
researches cannot alone promote tlie cause of this 
science. As in other countries, the wider applica- 
tions of scientific psychology in different spheres of 
everyday life, in education, in industry, sociology, 
specific diseases, vocational adjustment and of late in 
the realms of war, make them feel that they also can 
be helpful to the cause of their mother country pro- 
vided they obtain proper facilities. They arc very 
eager now to translate their theoretical knowledge 
into practical ends, in the different fields of national 
life, as their brother psychologists are doing with 
success in their respective countries. 1 may mention 
here that as a necessary foothold for furthering the 
cause of the science, psychologists like other scientists 
have built up an organisation of their own, under 
the name ‘Indian Psychological Association* which 
was established in the year 1925. The Association 
runs a journal, 'The Indian Journal oj Psychology', 
a quarterly publication and it is the official organ of 
the Association. The results of exi)eriments and 
other researches of the psychologists are puldished 
mostly in this Journal. The Indian Science Congress 
Association having under its fold the different 
branches of Science came into existence in the year 
T9 1 4, and psychology as an independent branch was 
incorporated into its body in the year 1924. I should 
name two other organisations which arc responsible 
for spread of knowledge and application of a parti- 
cular aspect of psychology in India. The Indian 
Psychoanalytical Society was established in the year 
1922 under the distinguished presidency of Dr G. 
Bose with a view to promote the cause of psycho- 
analysis and for the general benefit of the people at 
large. A mental hospital with indoor beds and out- 
door provisions has been set up only recently under 
the auspices of this society. Under the auspices 
of the Indian Mental Hygiene Association, the 
Carmichael Medical College, Calcutta, runs a psycho- 
logical clinic where mentally diseased patients receive 
free psychological treatment. 

Now when all countries in the whole world have 
recognised researches on personnel problems ae 
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national problems, and are conducting those re- 
searches with beneficial returns, there cannot be any 
reason why India will remain behind as an excep- 
tion and will not undertake similar tasks. The critic 
however may justly raise a vital ciuestiou that under 
the prevailing conditions of meagrencss of .'ivonucs 
of employment, and consequent state of acute un- 
employment in the country, what is the use of 
personnel research? Can such researches solve the 
unemployment problem ? The aim of personnel 
research is not to create new avenues of employment 
or to solve problem of unemployment, but to help 
the employer in his task of selecting the right type 
of personnel and thus to utilise the human talents 
and temperaments in the best possible way. Of 
course it is true that the more the avenues of eiiiploy- 
iiient, the better would be the expansion of personnel 
research and it may be said that considerable increase 
of employment avenues is inevitable when in the 
near future industrialisation is expected to have its 
sway in India. It should be borne in mind therefore 
that provision for fostering si)ecial personnel re- 
searches should always be made whenever any new 
avenue of employment is opened. It will not be 
judicious to defer such researches to the future, the 
earlier we get prepared for it the better will it serve 
the cause of humanity. 

The onerous task of initiation of such researches 
has already been undertaken by some bodies, acade- 
mic and private as well. Commercial concerns like 
the IJombay lilectric Supply and Tramways Company 
and the Calcutta Tramways are utilising psychological 
principles in the selection of their technical staff. A 
private institute in llombay, under the name 
‘Batliboi’s Vocational Guidance Institute*, is reporte<l 
to have in its programme, the aspect of personnel 
research. The only official organisation, engaged in 
personnel research problems is the Applied Section, 
Department of Psychology, University of Calcutta, 
established under the able leadership of Prof. G. Bose 
in the year ig38. Barring researches in individual 
capacities, we are not aware whether any other 
organisation has undertaken as yet similar uorks in 
their establishments. It is pleasing to note that the 
War Department, Government of India also has 
recognised its utility. They have set up recently an 
establishment under the designation, 'Tlie Directorate 
of Selection of Perstmiiel* at Meerut. The function 
of this directorate is primarily selection of military 
personnel with the help of psychological tests, and 
we believe, the method of work of the Directorate is 
the same as is followed in other countries in similar 
activities. Such a move on the part of the Govern- 
ment is surely encouraging. It is high time there- 
fore that the Indian psychologists should put them- 
selves together and formulate ways and means by 
which personnel researches ca^ be conducted on a 


wide scale to the cause of national advancement. 
The following points if adopted after proper modi- 
fication may facilitate such work. 

1. That the existing laboratories of psychology 
in the universities be expanded and e<iuipped so as lo 
make it possible to carry on problems of personnel 
research and train students of psychology in that 
particular line. 

2. That iiidcpenfleiit psychological laboratories 
be opened in those universities where they do not 
exist now and provisions l>e made by grants or 
endowments to open ui) special personnel research 
sections. 

3. That the industrial and big establishments 
be approached so that they select their personnel on 
scientific basis and where possible maintain indepen- 
dent psychological laboratories in their organisations. 

4. That the Indian Psycliological A.ssociatir>n 
which commands the voice of Indian psychologists be 
entnisled with the task of coordinating between 
different psychological organisations carrying on such 
works. 

5. That a Central Board of Personnel Research 
be establLshed, with well crjnipiied psychological 
lalxjratory and well trained staff. Research lesults 
of different universities, Directorate of Selection of 
Personnel and other private or semi -private establish- 
ments, should be forwarded lo this Board which 
ultimately will function as a coordinating centre. 
Kvery organisation in India should employ those 
personnel whom this Board after application of tests 
will recommend. 

6. That the IV^ard of Scientific and Industrial 
Research should add a separate wing to encourage 
research in personnel prolffems. This new section 
will be in charge of ([ualified psychologists whom the 
above Central Board recommends. 

7. Thai all the recognised .scientific hoards and 
organisations, subsidised or unsiibsidised by the 
Government, make wherever possible .si>ecial provi- 
sions for encouraging tlic abo\e psychological 
researches. 

Ill conclusion it may In: emphasised lhat in 
ail. alinosphcre when all the difftTciit brunches of 
science arc busy in forwarding progranuues and 
preparing plans for national regeneration it is to 
be regretted lhat the human aspect is not in 
the focus of attention of our leaders of thought. 
A reorientation in jiolicy is urgently needed' to 
do away with this traditional disregard towards 
solving human problems, directly and not in- 
directly as is the common practice. We ought to 
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be careful that iio iinixirtant scientific branch is 
neglected in the formulation of 'all nation-building 
programmes either for immediate effect or for the 
post-war period. The traditional disregard can be 
amended if we adopt the following policy. The 
human materials are to be analy.sed, the psychological 
factors that count ui)on their happiness are to Ixj 
assayed, so that a psychological profile may be 
obtained. Policies may then be so framed and physi- 
cal materials so handled that they may best fit the 


profile obtained psychologically. Research in raw 
materials and human materials should run conimcn- 
surately side by side, and this alone can bring about 
an all round national prosperity on a firm and long- 
standing basis. 
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MAHARAJA SAWAI JAI SINGH II, (1686-1743) 

M. F. SOONAWALA. 

l>KOFi:.SS<)K OP PHYSICS, MAHARAJAH'S COU.HGK, JAIPIJK 


[The ruling family of tho State of Jaipur belongs to the Rajput clan known aa the “Knc'Iicliwa”, and in popular belief 
the clan is sup|x>se(l to be dcscetidecl from Knsa, Ibe son of Ram of the solar family of Aytxlbya and hero of the great epic 
R.'imay.'iii. iristorically, the family can he tniced to the lltli century A. !>., when Arjuii of the Kaclicliapaghata family 
held the fort of Gwalior as n feudatory of the Chandel.'ih kings of Maliohali and Kalinjar. Gwalior continued to |je the sent 
of the family who later claimed sovereign dignity, hut later a junior member of the family migrated, and inherited 
Amber from his father-in-law. In the sixteenth century, the then Maharaja of Aniljer entered the service of .\khar the 
(Jreat, an«l bis grandson Maharaja Matisingli rose to the grplest general and a notable figure of the court of that great 
monarch. The Jai {singli of this article is to he sixfcially distinguished from his name-sake and greal-graiid-fathcr, Mirxn 
Rajah Jai vSitigli who, ns the ablest general of Kniperor Aurungzch, reduced Sivaji to submission. Not many Indians of the 
great ruling families have distinguished themselves in the field of letters and science. The only jmrallel to Jai Singh is 
Rajah Bhoja of the I’armar family (1010-1062 sovereign ruler of Mahv.'i. Jai Singh’s astronomic.nl taste was 

acquired by liis sons and successors* Alaharajns Tswnri Singh and Madho Singh, who contiimed their father’s labour of 
love so that Tod’s a.sscrtion that his wives, concubines and science perished with him in liis funeral pyre errs too much 
on the rlietorical side. Maharaja ^ladho Singh is credited with the discoveries of new' iiistrunieiils. 


bicentenary* of the death of Maharaja Sawai 
Jai vSiiigh ir, ruler of the State of Amber and 
founder of the city of Jaipur, deserves more than a 
pa.ssing notice, so varied were his activities and so 
remarkable his gifts. It would be well to glance at 
the political and intellectual setting in which Jai 
Singh was placed, if his worth is to be truly appre- 
ciated. Maharaja Jai Singh succeeded to the 
sovereignty of Jaipur, then known as Amber in 
ifigg, at the age of thirteen. T'ight years later, in 
1707, Aiirangzeb, the last of the great "Moghuls 
pas.scd away, and was succeeded by the line of the 
lesser ^loghuls, from whose infirm grasp power was 
gradually to .slip away. The house that Babar built 
was showing signs of decay ; though the convulsion 
that cracked its very foundations came in 1739 when 
Delhi was sacked by Nadir Shah. This was in the 
fortieth year of Jai Singh's reign and four years 
before his death. The old empire was passing away, 

♦Written on tlie occasion of the bicentarv of the death 
of Maharaja Sawai Jai Singh II, ruler of the State of Jaipur 
jti Rajpnttina,., 


Ed.— 5cfcnfc and Culbire.! 

and new and powerful forces were gathering strength 
in the north, the cast and the south. During these 
troublc.somc times Jai vSingh stood loyally by the 
throne of Delhi, and his reputation in the court 
always sI(XkI high. He was called upon to become, 
first, the governor of the province of Agra, and was 
later transferred to the governorship of Malwa. He 
was wise to take notice of the rising power of the 
Mahrathas, and as a result of his persuasion Malwa 
was finally ceded by the Finpcror Muhammad Shah 
to the Peshwa to be held perpetually in nominal fief to 
the throne of Delhi. It was due to his intercession that 
the sore of the ‘Jeriya* tax (Poll-tax on non-Muslims) 
was finally removed. Jai Singh took the opportunity 
to establish the i)ower of his house on a firm and 
solid basis amongst the Rajput States, and consider- 
ably extended the frontiers of his territories. The 
limes were hazardous and uncertain in the extreme, 
and were such as to liave put the resourcefulness of 
the ablest to the test. Jai Singh steered his ship 
clear of all lurking dangers with consummate skill 
and ability. He felt •the situatiQU oi his capit$il at 
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Amber loo insecure against invaders, and lie decided 
in 1728 to shift about seven miles southward to a 
new city he founded, and this he named Jaipur. This 
is uni(iiic amongst Indian cities in plan and layout, 
and still stands a moiiunient to its founder’s i)assioii for 
precision and regularity; for its principal thorough- 
fares (width no ft.) run east and west and the main 
cross-roads nin north and 
south. The Temple of the 
Sun stands a white robed 
sentinel over it at the east- 
ern extremity on a hill on 
the outskirts of the city.* 

Maharaja Jai vSingh 
found time to indulge to 
his heart’s content in in- 
tellectual pursuits uncoii- 
tamiiiatcd by acts of (pies- 
tionable value attaching to 
many of the political and 
military activities which 
crowded upon him in a 
way he could not help. 

The precision and elegance 
of the methods of astro- 
nomy and the mystic lore 
of astrology had early cast 
a si)ell 111)011 him. Hy in- 
Icnsc study and application 
he made himself conver- 
sant with the iraditi<.uial 
Hindu system of astrono- 
my, the principal source of 
which was tlie \Snrytt. 

Siddlianla.-\- The origin 
and date of this work are 
not ea.sily traceable. Hut, 

Jai Singh undoubtedly 
mis.scd in it the precise 
observational data for which he longed. The 
dominant innueiice of the Orceco-lkiby Ionian 
sch(^)l of astronomy had been felt in the Hast 
.since the time of the Seleiicids (313 B.C. — 65 
A.D.) and continued to be a living force when 
Iturope, on the break up of the Komaii Hmpire 
lapsed into barbarism during the limes known as 
the Dark Ages. But during these times, the Moslems 

* The chief engineer in the cunslrnction of the cilv was 
Viclyailhar lUiattacliarvya, a Brahmin of Bengali extractiem, 
and descendant of one of the Brahmins who was finnighl 
hy Jai Singh’s ancestor Maharaja Man Singh from Bengal. 

Kd. .SV. (?»• Citl. 

f According to Prof. P. C. Sen (‘iiipta, the ‘Surya 
Siddhaiita’ had its heginniiig prohalily in the fourth century 
A. I)., hut was constantly revised, and in its present form, 
prohahly dates from the 11th century, when all final reyi.sioii 
of astronomical elements comidetely ^eased. P.d., Sc. & Cut. 


became the custcxlians of the culture of the Babylo- 
mans and the C'. reeks. The basis of the astronomical 
lore amongst the Moslem.s was Ptolemy’s great work, 
‘Synlaxis*, which in Arabic translation is kiir)wu 
jis M/ Majisla. It rea])pcars later in Phiroiie under 
the name ‘The Almaj^csT. But the Moslem Savants 
made constant addition to this store of knowledge, 
from their own observa- 
tions and studies. Jai 
Singh .studied it carefully 
from ^luslim sources, and 
it is known to him as 
‘Mijasli*. Me appears also 
to have studied with dili- 
gence the elements of 
Kuclid from the transla- 
tion of Na.sir til Din al. 
Tusi* who lived about the 
middle of the 13th century, 
jai Singh was much im- 
pressed and attracted by 
the work of the Muslim 
astronomers, whose anxie- 
ty to carry out precision 
measurements found a 
ready echo in his heart. 
The work of Mir/a riugh 
Beg (1303 - Mp) A.D.) and 
his assistant, Jamshid cl 
Kashi, is especially note- 
worthy. A grandson of 
Timur the l.nme, riiigh 
Beg was a ruler and an 
astronomer even r.s Jai 
Singh was iu later times. 
Mir/a riiigh Beg devoted 
himself with great /eal 
to astronomical studies all 
his life till it was ulti- 
mately cut short by the dagger of the assassin, 
riugh Beg had creeled an observatory al Samar- 
kand about 1425 A.D., and from his numerous 
observations had compiled a set of useful aslroiiomi- 
eal tables which su]>erscded those of Ptolemy. The 
tables of Ulugh Beg were adopted by Jai vSiiigh as 
basis for his future work, 'i'hc Arabs and otber 
Muslim astronomers were adepts in the construction 
and use of the astrolablc ; but here Jai Singh dificred 
from them, and was always suspicious of brass 
instrumeuts which, he argued, could never yield 
results of any high accuracy becaii.se of their mecha- 

* Na.sir iil J)m al Tiisi was a Persian astmnoiiUT in 
llie .servile of Iliilaqii Khan, conqueror of the Klialifate. 
Ill 1259, Ifiilnipi Imilt for Nasir ul Din an observaUiry at 
Malaga, wliere. the astronomer observed for a long time. 
Tlicse observations were published under the title of ’Ilklumic 
Tables’.— Btl.. Sc. & Cul. 
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nical iinpurfeclions. He early deckled to erect firm 
and stable masonry instninients, them such 

f>:encrons dimensions that with their aid, accuracy in 
observations which was still then unrivalled could 
be achieved. 

While Jai Sin«h was busy in these projects, a 
revolution Iiad already taken place in 1uiro])ean 
Astronomy throu>»h the labours of Copernicus (1/170- 
1.S42), Tycho Ihahe (1546-1601), Kepler (1571-1630), 
Oalilco (1570-1642) and Newton (1642-1727). New- 
ton’s *Pr\ncipui' was published in t6cS6, the year 
of Jai vSinffli’s birth ; and the incomparable .nenius 
of Newton had laid bare most of the mysteries of 
jdanetary motion, and had traced them to the law 
of universal gravitation. A faint echo of these hap- 
penin.i’S in Uurope must have reached the ears f>f 
Jai Sin^^h, principally carried to him by the Jesuit 
missionaries, who had ai»i)earcd in numbers in India 
about this time.* Jai Siii>?h’s thirst for knowledj|^ 
was insatiable, and any source was welcome to him 
which could allay it. h'or this purpose, he sent 
emissaries to distant lands, Muslims like Muhammad 
Sharif and Muhammad Mahdi to the ^luslim centres 
of lcarnin.s^ ; and “.several skilful persons along with 
Padre Manuel”, as the Maharaja himself puts it, to 
h'urope. He invited scholars to Jaipur for consul- 
tation. Perhat)s, the most incturesque of these was 
Jouvier de Sylva, the Portuguese, who made Jaijnir 
his home, besides being an astronomer, he was a 
physician of reinitc, and known locally as Hakim 
^fartin. His home and his descendants are seen to 
this day in Jaipur, and one of the roads of the city 
bears his name. From these sources Jai Singh be- 
came ac(iuainted with the ])rinciiiles and use of the 
logarithms and trigonometrical ratios, and also with 
the astronomical tables of Flam.steed, the first 
Astronomer Royal of Great Hritain {Jlistoria Coclcslis 
BriUanica) and la Hire’s Tabula Astronomica. Jai 
Singh does not appear to have realized the full signi- 
ficance of the revoliitirm in astronomical knowledge 
brought about between 1473 and 1687. He valued 
astronomy, like most of his Furopcan conteni])()raries, 
on account of its use in astrology (i.c., the ])seudo- 
science of predicting the future from positions of 
planets, sun and the moon), and docs not ai>i»ear to 
have realized that after the successful e.xplanation of 
planetary motion by Newton, astrology had lo.st all 
pretensions to a scientific basis. 

About 1724, Jai Singh constructed his first 
observatory at Delhi with masonry instruments, 
which, as we have .seen, he i)refcrred to Ijra.ss ones. 
He spent seven years of careful observation, which 

• It is not probfible that Jai Singh was familiar with 
the works of Copernicus, Kepler, (h'llileo and Neuton, for 
these works were under papal interdielion, and Jesuits who 
w.cre Jai vSingh*s principal informants were forbidden either 
to study or teach them. — Rd. Sc. & CuL 


he decided to embody in ]»roper tables. His principal 
collalM)rator in this as well as all siibsetpicnt work 
was Pandit Jagaiinath (a Brahihin of Telegu extrac- 
tion) who was equally at home in Sanskrit, Arabic 
and Persian, learned in Hindu as well as Muslim 
astronomical lore. With the aid of Jagaiinath, he 
got the Arabic version of Ptolemy *.s * Almagest* 
translated into Sanskrit under the iianic \Saviral 
Siddhanla* (lit. the emperor amongst astronomical 
treatises) and Huclid’s elements under the name 
*Rckli(igiinila\ Ripe with experience gathered at 
Delhi, i^^aharaja Jai vSingh constructed an observatory 
«)!! an even more ambitions scale at his newly 
founded capital, Jaipur, about the year 1734. As 
he says, 

“To rniiflrm the Irulli of these observations, lie (mean- 
ing biiiisidr) constructed instruments of the same kind in 
Saw.ii Jaipur, Muttra and Benares and rjjaiii. When be 
compared these observatories, after allowing for the dif- 
ference of Irmgitude between the places where they st«Kjd, 
the oliservalions agreed.” 

Jai Singh’s Tables give llie nninbers of 
constellations and stars with their longitudes, lati- 
tudes, right ascensions, declinations, and magnitudes. 
It thus closely follows the lines of the catalogue of 
Ulugh Beg. 

lai Singh commences the work in the orthodox 
Hindu .style. He renders praise to the Almighty 
“in the comprehension of Whose Wisdom Abar- 
khas (Iliiqiarchus, Greek astronomer cr 130 B.C.) is an 
ignorant clown, in tlie presence of Wliose Radiance 
Vitlamayns (Ptolemy, .Alexandrian astronomer ra 150 
A.D.) beats his wings as helpless as a bat in .sun- 
light, aiul to understand whose ways Ivnclitl and 
Jainshid Kashi and Nasir Tusi have been striving in 
vain.” 

Jai Singli appears to have been (piite .satisfied 
with the results of his labour. He says, 

“Since in this place by the aid of the unerring Arlilicer, 
astroniinleal instruments have • ecu eonslructe«l with all the 
exaeliiess that the heart can desire .'iiid the motions of 
the stars have for a long period been constantly observed 
with tbem, agreeable to observations mean motions and 
e(piatioiis were established; be found the ealeulntioii to 
agree i>erfectly with the observations.” 

This important work Jai Singh dedicated to 
Emperor Muhammad Shah, “the inconij)arably 
brightest star of the heaven of empire, an Alexander 
in dignity, the shadow of God, the victorious king 
Muhammad Shah : Mav he ever be triumphant in 
battle.”* 

Jai Singh’s Astronomicai. Instrumknts 

We shall here describe some of the instruments 
in thc.se observatories especially those at Jaipur and 

* 'riiese high-sounding epithets appear loo flattering 
when applied to a wcnthless king of the type of Muhammad 
Shall (171R-1746), but we must remember that Jai Singh was 
writing before 1739, tliet date of Nadir Shah’s sack of Delhi. 
— Ud. Sc. & Cul. 
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Delhi. The one iininedialely to arrest the attention c»f 
the visitor is the Samral Yantra or the Equinoctial 
Sun Dial. 

Samral Yantra (Equinoctial Sun Dial ). — It con- 
sists of a wall in the shai)e of a ri^ht an«lecl triangle, 
ABC (Fip;. I a), the hypotenuse AB of wliich is the 
gnomon i)ointing towards the north pole. The plane 
of the triangle is in the meridian and the angle ABC 
is equal to the latitude of the jdace. In the Jaii^ur 
instrument, the vertical side AC is alwiit go' in 
height, and the hypotenuse is thus something like 


Singh’s time, the use of the gnomon to find the 
declination of the sun is an invention peculiar to his 
observatories. 

Along CB on the ground runs a channel, which, 
when filled with water provides the horizontal 
level. Tile Jaipur instrument is graduated to read 
to a second of arc, but the lack of sharpness of the 
shadfjw of the gnomon sets a jiractical limit of 
accuracy somewhat less than this. The original con- 
struction was cjf masonry and the graduations were 
in plaster. The iustrunieiits were reconstructed in 



Fig. 1. Saiiirat Yantra, Drllii. 


147' long corresponding to the latitude of 27°. With 
centre C), a point on the hypotenuse, ami radius <>R, 
an arc of a circle is drawn in a plane at right angles 
to that of ABC. If PRQ (Fig. ib) is the arc of the 
circle with centre (), and R is the point of intersec- 
tion of the gnomon ABC and the quadrants PRQ, 
the shadow’ of the gnomon will fall on R at noon. 
The (piadrants PRQ will be parallel to the plane of 
the etpiator. If the shadow of the gnomon is at vS 
on the ipiadrant at any time, then, the angle SOR 
gives the local time ante or post meridian as the 
case may be. At Jaipur, the radius OR is about 
50', and the arc PRQ is in the shape of a cylimlrical 
strip, about 9' wide. If a pointer X be held on AB 
such that its shadow* falls on the quadrant at S, then 
XRO will be the declination of the sun at the time. 
Its tangent is equal to XO/RO, and as RO is of fixed 
length XO will be a measure of the declination. 
AB carries graduations which thus enable us to find 
the declination of the sun at any time. Though the 
•equinoctial sun dials were fairly common before Jai 


igoi under the supervision of Lt. A. H. (birraet, 
R.E. Recently, the plaster has been replaced by 
marble stone both on the quadrants and the gnomon. 
Opportunity has also been taken to remove slight 



Fio. la. Fio. 11). 

vSaiiiral Yantra. 


discrepancies in the original graduations and angles 
tluring this work carried out under the supervision 
of Pandit Kedar Nath, the Officer-iii-Charge of the 
Observatory. The dimensions of the Delhi sun-dial 
arc smaller than those of the Jaiiiur instrument. 

Shastliamsa Yantra (Sextant or Aperture Dial of 
Nastr-ttf-Din). —Adjoining the Samrat Yantra is the 




41(5 


SCIKNCE AND CUL'ruRK 


Vol. IX, No. 10 


Shashlamsa Yantia. This is a lonp narrow room in 
which arc constructed two arcs on the opposite walls 
parallel to the meridian, each of radius about 
There is a hole in the roof for each arc lhroui>h which 
sunli>rhl enters al noon and falls upon the arc. 'I'liis 
;*ives the time of noon and also the sun's declination 
at noon. It produces a weird effect, indeed, upon 
one stand iii;» in this narrow and lofty room at noon, 
to observe the spot of sunli.L'ht as it j^lides silently 
down one wall, crosses the arc, and creeps up the 
opposite wall. 

Tilt' Nari Valuya Yantra (Circular Dial ). — 
Another type of a sun-dial is the Nari i'alaya Yantra. 
It consists of a cylinder of about ro feet diameter 



l'i>f. 2. N.'iri \'al:iya, Jaipur ( Hjscrvatnrv. 


r.reat circles through Z indicate the azimuth. 
Similarly, surrounding P are circles such as RM 
which are the diurnal or latitude circles. These in- 
clude the ciiuator OQ, and the tropics. The angle 
SOP is eipial to the latitude of the place. Two wires 
are stretched over the rim in the north and south 
direction, NS, and in the cast and west direction. 
Ihey, thus, intersect at the centre (). Tf the .shadow 
of this point of intersection falls on the surface at 
C, QC is the declination of the sun and ZC its zenith 
distance. Similarly, the other co-ordinates are found. 
1 here are also circles on the hemisiihere belonging 
to the signs of the zodiac .such that when the shadow 
of the centre is on any one of them the corre.spond- 
ing sign is crossing the meridian. If observations- 
are to be taken for a heavenly body other than the 
sun, it has to be done at the surface of the heiiii- 



wilh its axis parallel to the earth's axis and the 
meridian. The faces of the cylinder are parallel 

to the cciuatnr, on which are ])laced two metal .styles. 
At etiuiiiox sunlight falls on both the faces, but 
before and after the etpiiiiox only one of the faces 
is illuminated at a time. Paclr face carries hour 
angles, and the shadow of the style denotes the hour 
of the day. 

The Jai Prakash (the lia'iel of licrossus^) -Per- 
haps, the most versatile of Maharaja Jai t^ingh's 

instruments is the Jai Prakash. Tt is a concave hemi- 
spherical bowl made of stone and sunk into the earth. 
The diameter is about iS at Jaipur and about 27' in 
the Delhi in.strument. The circular rim XvS repre- 
sents the horizon. The markings inside are the 

’images on the sphere of the i)oints in the heavens 

through the centre () of the hemisphere. The figure 
represents a cross section in the plane of the meri- 
dian. Z represents the zenith and P the Xorlli 
Pole. Surrounding Z are circles such as AB and 
NS, showing the altitudes or the zenith distances. 

• Jterossus was an astrononior of Itahyloninn origin whi> 
opened a school of astronomy in the island of Cos, alxiut 
280 B.C., and taught the Orcek.s eleiiieiits of Baby Ionian 
nstfonoiuy and astrology.— IM. .Sc. & Cul. 


.sphere, to reach which open channels are loft in the 
surface. As much of the surface is thus lost, a com- 
plementary hemisphere is constructed in which the 
rulings cover the surface corresponding to that 
niis.siiig in the first. There is another similar instrii- 
meiil, the Kapala, differing from the Jai Prakash only 
in that the rim does not repre.sent the horizon but 
the circle passing through the pole and the solstitial 
points. This will indicate a .sign rising on the horizon 
when the .shadow of the centre is passing its circle. 
This is of prime importuiicc to the astrologer ; for, 
the cardinal datum for ca.sting a horoscope is the 
point of tile ecliptic rising on the horizon at a given 
lime. 

Kaye makes the following observations in the 
Aslronomical (>h.sn-valoric.s oj Jai published 

by the Archaeological vSurvey of India, igiS. 

“The Jai Praka.s is practically the hemi.spherc 
of Berossns, somewhat elaborated, and the Samrat 
Yantra mav al.so be considered as evolved from that 
iiistniment.* This only means, however, that the 
dial of Berosiis was of a very general nature. It 
consisted of a hemispherical bowl, placed with its 
rim horizonhd, and in the centre and in the same 
plane as the horizontal edge, was fixed a bead, whose 
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shadow on the concave surface of the hemisphere 
marked the trace of the sun’s diurnal path. The 
resemblance to the Jai Prakas is striking enough, but 
it is doubtful whether Jai Singh had any knowledge 
of the earlier instrument ; he could only have learnt 
of it from he Muslim astronomers al Battani, 

who refers to the principle of the instrument) . 
The Jai Prakas, however, is something more than 
the bowl of Berossus, for it is fully graduated and 
appears to have been based upon the Muslim instru- 
ment known as al-Masaiirah, descriptions of which 
are found in the works of the Muslim astronoiiicrs.” 

The Rasi Valaya Y antra (Zodiac Dials),— Based 
on the same principle as the Samrat Yanlra is a 
group of twelve dials known as the Rasi I'alaya 
Yanira, or the Hcliptic instrument. The quadrant 



Fig. 4. Rasi Valaya (Capricornus). 

of each of these lies in the jdaiie of the ecliptic when 
the corresponding sign is rising on the horizon, and 
the gnomon iwiiits towards the pole of the ecliptic at 
the instant. These instrunients are smaller than the 
Samrat Yanira, the radii of the quadrants not ex- 
ceeding 5J4 feet in diameter. 

The Digamsa Yanira (The Azimuth Instrument). 
— The Azimuth Instrument, — the Digamsa Yanira, 
consists of two coaxial cylinders in the form of walls 
of 27 feet and about i8 feet diameter with a central 



DIOAMSAk 

Fig. 5. Digamsa Yantra. 
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pillar about 3 feet high for the axis. The inner wall 
is about 3 feet high and the outer one about 6 ^ feet 
at Jaipur. The walls are graduated, and by the aid 
of a string tied to the axis the azimuth of any 
heavenly body can be found, holes being left in the 
walls for the purposes. 

The Ram Yantra (Azimuth Observation ). — There 
is a similar instrument, the Ram Yantra, consisting 
of a cylinder and axis in the form of a wall and' 



Fig. 6. Ram Yatitra, Delhi. 

pillar. The inside of the wall carries graduations for 
azimuth and altitude determinations. The diameter 
of the Jaipur instrument is 23' and height 11' 
while the axis is a pole of about 2^^ diameter. The 
Delhi instrument is much bigger with a diameter of 
.S 5 feet. 

The Dakshinovritti Yanira (Meridian Circle ). — 
The Dakshinovritti Yantra is the transit circle con- 
sisting of two graduated acres on an oi)en wall in 
the plane of the meridian. There are pins on either 
arc to give the altitude of heavenly bodies passing the 
meridian. The radii of the arcs are about 20 feet. 

At Delhi is found the curiously novel Misra 
Yantra, or the Mixed Instrument, consisting of a 
set of arcs inclined to the meridian plane of Delhi by 



* This is rather donbtful.— Ed. Se. & Cul. 

2a 


Fig. 7. Misra Yantra, Delhi. 
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aniounts 77^16' W, 68°34' W, 68®i^ E and 75^54'E. 
Two of these may be taken to correspond to the meri- 
dians of Greenwich and Ztirich. 

There are also a few metal instruments to be 
found at Jaipur and elsewhere. The principal bf 
these are two astrolal)es at Jaipur about 7 feet in 
diameter and more or less of the conventional design. 
The one made of a number of iron sheets has all its 
graduations effaced. The other one is made of brass, 
and its disc carries stercographical projections of 
the horizon and 'almucantarats*, azimuth and hour 
circles for 27® latitude, and the equator and tropics. 
The Chakra Yantra is an equatorial, 6 feet in 
diameter, rotating about an axis parallel to that of 
the earth. Graduated circles give the hour angles and 
a pointer with tube is employed for sighting. The 
Kranli Vriiii Yanira consists of two brass circles, 
one capable of rotation in the plane of the equator 
and the other in that of the ecliptic, thus giving 
celestial latitude and longitude. It is no wonder that 
these w'eird looking collections of instruments have 
won for Maharaja Jai Singh’s observatories the name 
of Jantar Mantar. 


Such, in brief, is an account of the intellectual 
achievements of this remarkable man. The crowded 
career of Maharaja Sawai Jai Singh* came to an 
end in 1743. His observatories stand today as he 
erected them, monuments to his greatness and 
breadth of vision. A.stronomy, especially in the West, 
has moved fast and far from the time of Tycho at 
UraniboQf to the present days of the giants of Mt. 
Wilson and Palomar, and it is easy to imagine how 
lively would have been the reactions of such activities 
uijon a mind so profound as Maharaja Jai Singh’s 
if he could have witnessed them. 


• J. Tod seems to In: the earliest of the English 
chroniclers of Maharaja Sawai Jai Singh, whose career he 
has described in the * Annals and Antiquities of Rajasthan^ 
(1832), Before him, W. Hunter had published in 1799 his 
paper in the * Asiatic Researches or Transactions of the 
Society instituted in Renfial' on ‘Some Account of the 
Astronomical Lalioitrs of Jayasinha, Rajah of Ambhere or 
Juyamigar*. The fullest and most comprehensive account of 
his astronomical work is contained in the excellent Mono- 
graph of G. R. Kaye, *The Astronomical Obsenratories of 
Jai Singh* and its smaller companion volume on The Obser- 
vatories at Delhi, Jaipur, UJjain and Renares*, published by 
the Archaeological ^rvey of India. 


TRAINING OF THE TENNESSEE RIVER 

M. N. SAHA and K. RAY 

UNIVERSITY COI.I.ECR Of SCIRNXK, CAI.CITTTA 


The River 

^HE Tennessee River begins its career from 

Knoxville where it is formed by the junction of 
two rivers, the French Broad and Holston, from the 
Appalachian highlands. The Tennessee after travers- 
ing a meandering course of 650 miles joins the Ohio 
River at Paducah. The upper half of the river is fed 
by a number of affluents : the Clinch, Powell, I.ittle 
Tennessee, Hiwassee and a number of .smaller 
torrents. This part of the upper catchment area lies 
between the Cumberland Range on the north and 
the Appalachian mountains on the south. 

The river before it was taken over by the 
Tennessee Valley Authority was extremely erratic 
in its behaviour. The Appalachian catchment 
is frequently drenched with the torrential down- 
pours from the monsoon squalls rising from tlie 
Gulf of Mexico and the waters used to run in 
abrupt surges of flood without any warning. The 


flood in the Tennessee river not only used to inundate 
its own banks, but its discharges were large enough 
to endanger the I,ower Mississippi basin. A short 
time after the flood, the river dropped (luickly to a 
streak of feeble stream with depths of 2-3 ft. In dry 
season, the flow was so small that it was u.seless for 
navigation. At places the river fell as low as one 
foot. Jacks rnd Whyte^ remark: 

“The Tennessee River has the characteristics of a river 
draining n bidly eroded region. It receives a continuous 
accession of silt which fills up an artificial channel as soon 
as it is dug, and the flow is marked by extreme irregu- 
larity.” (p. 235). 

The Basin 

The Tennessee basin has an area of 40,600 sq. 
miles with a population of about 6 millions. About 
2 millions of the total population are engaged in agri- 
culture, animal husbandry and dairy farming, while 
about 4 millions have found their occupation in the 
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industries which have greatly developed since 1933 
under the river organisation TVA. 

The lower valley of the Tennessee is fertile and 
suitable for cultivation. The upper reaches contain 
valuable mineral resources such as iron, coal, chro- 
mite, copper, magnesium, ferromanganese, rock 
prosphate, etc., and also contain valuable building 
materials like building stones, sand, high silicon 
pebbles, kaolin, bentonite, vermiculite, etc. 

This part of the valley was formerly covered 
with jungle, but as the human settlement grew the 
jungle was cleared to make way for agriculture. The 
country became bare and badly denuded. The floods 
and soil erosion then began to engage the attention 
of the settlers, and in some places embankments were 
built to protect cities and agricultural land. 


the whole work, each State saw a possible encroach- 
ment on its rights. The vested interests, such as the 
local electric companies, apprehended a menace to 
their trade if cheap electricity were developed from 
the projected hydro-electric stations. Jacks and Whyte 
observe “Several abortive schemes for social and land 
improvement failed in the past because the sanctity 
of State rights precluded putting a comprehensive 
regional scheme into operation. Under the Constitu- 
tion of the United States irrigation and water-power 
systems and land-use plans (which enter largely into 
the TVA*s programme) are matters for State legisla- 
tion. The Constitution offered an insuperable legal 
barrier to any scheme which necessitated encroaching 
on State rights over land and water and faced w'ith 
the alternative of abrogating sovereign rights or per- 



FiC. 1. Map of the Tennessee Valley. (Reproduced from nVonders of World Engineering*, VoJ. 3). 


The Problem oe the Basin 

It was felt that a radical solution on scientific 
basis to the twin problems of flood and soil erosion 
was possible, and though attempts were made from 
the beginning of the century, they were unsuccess- 
ful due to the conflicting views of the seven Statc.s 
through which the river passes, and for other vested 
interests which had grown up in the valley. The 
States could never agree and when proposals were 
made that the Federal Government should take over 


mitting a disaster to be perpetuated on a fraction of 
their total territories, the States, represented mainly 
by public-utility interests, naturally chose the latter, 
as any other States in America or elsewhere would 
have done.** 

After 1927, the great economic depression came 
and in order to relieve the crisis. President Roosevelt 
began his New Deal campaign in 1933. Vast con- 
structional works, which included improvement of 
river-basins on a scientific and totalitarian basis, 
formed the main feature of the New Deal. Let us see 
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how Roosevelt broke through the citadel of State and 
vested interests. Jacks and Whyte write : — 

*‘In order to avert an irreparable disaster to a 
region equal in area to luiglaiid and Wales, a way 
round the Constitution had to be found, and to secure 
a charter for its work of economic reconstruction the 
TV A had to express its objects somewhat indirectly. 
In contrast with land reclamation on State territory, 
river and flood -control, the benefits from which arc 
not limited by Stale boundaries, are matters in which 
the Federal authority can intervene. The TVA was 
therefore able to. obtain a charter to develop the 
Tennessee River for navigation, but not to stop the 
erosion which was eating into the vitals of the whole 
Tennessee Valley. The principal function of the 
TVA is to maintain a permanent navigable cliaiiiiel 
nine feet deep in the Tennessee River under all con- 
ditions of flow.** 

Under dirccticms from tlio President, the 
Congress created the Tennessee \ 'alley Authority in- 
slructing it improve the navigability and to i)ro- 
vide for the flood control of the Tennessee River, 
to provide for reforestation and the proper use of 
marginal lands in the Tctmcssee Valley ; to provide 
for the agricultural and industrial development of the 

said valley This Act became effective on 

May i8, 1933. 

WaTKR RksOURCKS OV THIC Tf:NNKSSKK VArj.KY 

IvCt us now explain in simple language how the 
planning has been done. 

The heads of the uppermost tributaries of the 
Tennessee River lie at an elevation of about 3000 feet 
above sea-level and come down to 810 feet at Knox- 
ville after a course of some 150 miles. From the 
profile of the Tennessee River (Fig. 2) it will l^e 


this the river flows through a very flat part of the 
country with an average slope of some 4 inches to a 
mile for about 200 miles. The total fall between 
Knoxville and Paducah is about 500 ft. 

The rainfall on the different parts of the 
Tennessee Valley varies from 40 to 80 inches with 
an annual average of 51*2 inches. This amounts to 
an annual precipitation of about no million acre-ft.* 
of water over the entire 40,600 sq. miles of the area. 
The upper catchment receives more of the rain which 
feeds the large number of important tributaries. 
These rivers flow .between the wxll-defined ridges of 
mountains making excellent dam sites. The whole of 
this water docs not reach the river, but only a frac- 
tion of it. The average run-off, i.e., the actual flow 
into the stream, for a river of this type, may be taken 
to be about 60 per cent of the rainfall for the upper 
valley, and between 20 to 40 per cent for the 
flat lower valley. The aver.'ige run-off for the 
entire basin may be taken to be 40 per cent, 
.so that we may lake that the amount of water 
reaching the river is 44 million acre-ft. The 
average head through which this mass of water falls 
may be taken to be 330 ft. The amount of work 
which the river performs during this drop can now 
be easily worked out. It is well known that t acre-ft. 
of water falling through a height of one foot gives 
us one unit (kilowatt hour) of energy. 

So 44 million acre feet of water falling through 
300 ft. does work equal to 44 1111111011x300 = 13,200 
million kwH. This is a huge amount of energy, and 
is nearly 30 per cent of the total electrical energy 
produced in the w^hole of the U. K. in the year 1938 ; 
there it was obtained by burning nearly 10 million 
tons of coal. To this must be added the work done 
by the tributaries which, though they have less water 
have greater head. 



Fig. 2. Profile of llie Tennessee River. (Reproduced from * Wonders of World Engineering*, VoL 3). 


found that the slope is more or less regular from 
Knoxville to Decatur which has an elevation of 530 
feet, representing an average gradient of o'S ft. or oj 4 
inch per mile for 340 miles. Bctw’eeii Decatur and 
Florence, there is a ‘rapid* or steep slope which has 
a maximum gradient of about 5 feet per mile. Beyond 


It is clear that the whole of the work done by the 
river cannot be hanies^ed but with proper planning, 
and t>rovided that rifes are available, a large 

percentage of thil^fiotential i^rgy of the river can 


*23 Qcre-ft.sl millira cu. ft. 






TVA Waler Control SysU-iii. (Hct^roduced from TWl Annual Report. 1941). 
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have rendered it possible to develop cllicieiit hydro- 
electric generators from as low a head as 30 ft.* 
Table 1 shows*- '* to what extent the TVA eiij^ineers 
succeeded in their scheme. The core of the work is 
as Jacks and Whyte, observe **Thc ewation of a series 
of dams in order to control the flow of water at all 
seasons/^ 

We also quote from the Reports of tlie TVA — 

“Kii*ht years aH:o Congress assij;ned to TVA the 
task of developing the Tennessee River and its water- 


()n the watershed the Authority is enabling the 
T)eople to reclaim and revitalize many thousands of 
acres of their forest and agricultural lands. In the 
lalx>ratory intensive research is uncovering new 
opportunities for taking advantage of native re- 
sources in the everyday business of earning a living. 
Working with the people and through their institu- 
tions, the TVA is i^erfccting new cooperative tech- 
niques for solving region-wide problems that overrun 
established political boundary lines.** 


table 1 


Dam 

<• indicates those com- 
pleted by early 194J) 


River 


Keiitncky .. 
Pickwick Jvanding* 
Wilson* 

Wheeler* 

(juiilersville* 

Hales Bar* 
Chickninauga* 
Watts Bar 
Port Loudoun .. 


Tennessee 




Norris* 

Cherokee 

Douglas 

Fontana 

Hiwassce* 

South Holstoii 
Watauga _ 
Appalachia 
Chutugc 
Nottely 

Ocoee No. I* .. 
Ocoee No. 2* .. 
Ocoee No. 3 .. 
Blue Ridge* 
Great halls* 


Clinch 
Holstoii 
I'reiicli Broad 
Little Tennessee 
Hiwassee 
Holstr>n 

iriwasseo .. 

If 


-■ I II 
.. ;Caiic.v l*ork 


I 


DKTAI1.S or TUR Dams 


i Height of 

1 Dam (ft.) 

Length of 
j Dam (ft.) 

Length of 
lake formed 
(miles) 

i 

1 

Volume of water 
impounded (acre 
ft.) 

Area of Lake 
(acres), at top of 
spillway gates 

Head for 

Power (ft.) 

Power installa- 
tion authorised 
Sept., 1942 (K>v.) 

Ultimate plant 
capacity (Kw.) 

160 

8,650 

184-3 

6 , 100,000 

256,000 

48 


160,000 

113 

7,715 

52-7 

1,091,400 

46,800 

43 

144,000 

216,000 

137 

4,860 

15-5 

535,000 

15,500 

95 

284,800 

436,000 

72 

6,342 

74- 1 

1,151,000 

68,300 

48 

129.600 

259,200 

94 

3,979 

82-1 

1,018,700 

70,700 

36 

72,900 

97,200 

83 

2,315 

39-9 

124,800 

5,760 

36 

51,100 

51,100 

129 

5,794 

58-9 

705, 0(K) 

39,400 

36 

81,000 

108,000 

97 

2,965 

72-4 

1,132,000 

41,600 

52 

90,000 

1.50,000 

135 

4,835 

50-0 

415,500 

15,500 

55 


128,000 



On Clinch 72 


■ 




266 

1,860 

Dn Powell 56 

2,567,000 

40,200 

155 

100,800 

100,800 

175 

1,689 

58-5 

1,565,400 

3I,1(K) 

100 

60,000 

120,900 



4.3-1 

1,. 540, 000 

31,600 

100 


120.000 

' 307»/ 


29-0 

1,450,000 

10,800 

3.30 


202, .500 

1.’287 

22-0 

4.18,000 

6,280 

190 

57,’600 

115,200 



24-5 

783,000 

9,100 

190 


75,000 

... 


16*7 

677,000 

7,100 

225 


60,000 

1 


9-8 

61,250 

1,093 

350 


75,000 

1 


11-8 

243,000 1 

7,050 




•' 135 


23-2 

189,800 

4,430 




840 

7-5 

76,6(K) 

1,.380 

1 V 6 

18,000 ■ 

18,000 

! 30 

750 




250 

19,900 

19.900 

i 

1 167 

1,000 

10-0 

ii.no 

518 

280 


27,000 

197,500 

3,290 

147 

2 i)!ooo 

20,000 

! 92 

1 

800 

22-0 

49,6(K) 

2,280 

142 

29,370 

29,370 

1 

1 

1 


1 

1 

1 

22,129,820 

715,781 


1,159.070 j 

2,588,270 


shed. Ill the river channel, on the land, and in the 
laboratory, the assignment has already led to lasting 
achievements. Dams, locks and power liouses, built 
by the Authority and operated as a unit, have arrested 
the flood waters in their destructive rush to the low 
land. Released according to schedules that take 
account of the Valley region *s year-round needs for 
power and flood protection, the \vaters of the 
Tciines.see arc now stepped down through a series of 
slack-water lakes that form a navigable channel to 
the ^lississippi and thence to the ocean way of the 
world. 

* Even as low a head as 19 ft. has been used. 


'Tlanning, designing, and constructing the 
physical works needed to control and utilize the flow 
of the Tennessee River and its trilmtaries has been 
a major concern of the Authority. Kach main river 
project con.sists of a dam with suitable spillway 
capacity fl^r regulating floods ; a navigation lock plus 
provision for the future installation of a second lock ; 
a powerhouse with initial power generating facilities' 
to utilize the partially regulated flow of the river, 
and provision for future power installations to take 
advantage of further upstream and tributary control. 
Tributary projects are located where they most 
effectively control destructive floods and increase the 
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river flow for navij^ation and the production of 
power.*' 

“It is clear, then, that the statute calls not only 
for multipurpose control of water but for multipurpose 
use of this water as well. To illustrate : In the 
river channels the TVA is constructing a series of 
high dams that will provide a navigable channel for 
Ix)ats of Q-foot draft from the mouth of the river at 
Paducah, Ky., to Knoxville, Tenn., a distance of 
650 miles. These same high dams also provide great 
storage capacity for the control of destructive flood- 
waters and at the same time create a vast amount of 
water power that only needs to be harnessed by 
turbines and generators to provide abundant and 
cheap electricity.** (The Pickwick Landing, Wheeler, 
Gunterville, Chickamauga, Norris and Iliwassec dams 
are designed for flood control as well as power pro- 
duction.) 

The total amount of water which these dams, 
when comideted, will be aide to hold amounts to 22 
million acre-ft. which is about 50 per cent of tlie 
run-off, and 20 per ‘cent of the total precipitation. 
In course of these ten years, 12 dams have Ixjen 
constructed, impounding 8 million acre-ft. of 
water which is 18 per cent of the run-off. A 
little thinking shows that it is desirable to have 
as large a storage cai)acity as possible. This serves a 
double purpose. In the case of threatened abnormal 
precipitation, which would otherwise cause a severe 
flood, a large part of the precipitation can be caught 
in the reservoir, and the flood crests can be reduced 
within .safety range. Further, as far as power- 
geiieralifin is concerned, a large fraction of the avail- 
able power can be converted to “primary power.*’* 

At some seasons, the head of water available for 
power geiieralion is greatly diminished, and to keep 
up production, steam turbine generators have to be 
kept as standbys. The total power of these standbys 
in 1042 was 3^6,070 kw. i.c., .about 30 per cent of the 
hydro-power. In an efliciently designed hydro-station 
this should be as small as possible. The TVA hojics 
to develop a maximum hydro-power of 2’5 million 
kw., with a standby steam jdant of JC* million kw. 
The ratio will then be reduced to 20 per cent. 

Column 3 of Table I shows the height of each 
dam, above the dry river bed. The heads for the 
main Tennessee generating stations range from .some 
35 to joo feet, and the total drop ulili.seil comes up 
to 457 ft. showing that almost the whole of the droj) 

* Pritnary Power Hie fwwer which is .iv.iihiMe through- 
out the year as “steady supply’*. 

vSecohdary or Surplus Power : The extra ixuver which 
is available when the reservoir is filled to the full, due to 
flood water, and water can fall through a larger height, thus 
generating exce.s.s power. It is clear that we have Secondary 
Power only during flood inonth 9 . 


between Knoxville and Paducah is utilised for power 
generation. It will be seen that the heads av.ailable 
for each station is as low as 35 ft., and on the main 
river it does not exceed q 5 ft. 

T'he dam is a masonry wall of proj)er design, con- 
structed across the river-bed. To take one example, 
the Ouiitersville Dam rises 94 ft. above the river 
bed, has a length of about 4000 ft., liolds about a 
million acre-ft. of water on the upstream side, and 
the length of the lake formed is 82 miles. The area 
flooded by this lake is 70,700 acres, i.c., nearly 110 
S(i. miles. The maxiimim power available at this 
dam site is ninety seven Ihotisand kilowatts, but 
licence for development of 72,000 kw. has been grant- 
ed by 1942. The total maximum power which can 
be developed in the whole TVA area is aljout 2*6 
million kilowatts, of which licence for ri6 million 
kws. has been is.sned in 1942. 

The construction of the dams is regarded as 
great feats in engineering. According to ‘Wonders 
of World Kngineers* (j). 917), the lakes formed 
by these dams involve the rearrangement of hundreds 
of miles of roads and railways and the building of 
many bridges in addition to elaborate clearance work 
in removing setllements, farms, buildings and many 
thousands of trees. A band of geologists was em- 
ployed to find out proper bed .sites, and insi)ite of 
extensive work, good bed rocks were not always 
found. The bed was i>repared l)y extensive grouting 
and in certain cases the Chickamauga Dam), 

nearly 40 ft. of sand and clay had lo be reniovecl 
from the bed before llie bed rocks could Ije found. 
The details of the exptriejice and methods adopted 
for grouting the hiundalioiis has been elaborated at 
length in the syiniM)sium of the American Society of 
Civil Kngineers* (see, l*roccedinj:s, Vol. 66, 1940, 
PI>. .^83 to 49Q). 

Table II shows how the prcxluclion of electricity 
by the TVA lias gone up from 1934. The total pro- 


TABUMI 

PnWKR S.M.KS \\i> Rbvf.nuks (T\ A 1M4-40) 


Year 

Units roiisumed 

Mills* 

Revenue. 

(Kwh.) 

per unit 

(ilollars) 

1934 

395,842,000 

211 

835,647 

1W35 .. 

KM), 008, 000 

5-95 

598,102 

193<> .. 

437,410,000 

2-74 

1.198,591 

1937 

731,048,000 

2-.30 

1.681,406 

wm 

0!H>.304,(MM) 

3-3() ! 

2,305,454 

1939 .. 

1,610.793,000 

3-36 

5,445,198 

1940 

3, 029, 677, (KK) 

417 

15,125,880 

1941 

5,556, (K)0, 000 

417 

21,137,000 


•"I uiill- 1 / 1000 (jollar— 1 / 10 cent (1 cent -»-^ niiiia, iio.'irly). 

'J Vaffic increased from 22 million lon-milcs in 1933 to 100 
million ton-miles in 1940. 
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cliiction in ig^i was 5,556 million units, which is 
larger than electrical cnerj^y i)ru(luced in the whole 
of India hy tioVu. It is nearly 12 times the amount 
of electrical eiiei'iv inoduced in ‘fiieater Calcutta’ 
ill 'i'hiis the 'I'VA harnesses at present lime 

aliout 2\ per cent of the energy spent by the 
1 'ennessee River in its downward cdurse durin** the 
year. 

The reader will notice a bijn jumj) after 1938, and 
particularly in ig^jo. The reason was that the TV A 
ct.'ukl not, before the outbreak of the war, iind out a 
market tor its electricity owiii^ to absence of lnr'.^e- 
.scale consumers, and opposition of local electricity 
suppiyinj.* companies. On the outbreak of tlie war, 
a lar;*e channel wi=s found for consumption of jiower. 
This is illustrated in Fiji. 4. IIuj>e aluminium 
works, synthetic fertiliser iilaiits, plants for the manu- 
facture of exi>losives, chemicals, ferro alloys, phos- 


standards. The cost of the power units for the con- 
sumers were lowered with the increase of production 
and supply of the power. This has eventually led 
to the opcniim of small mills, workshops for small 
industries, and small factories. In fact, the cotta^>:e 
industries have been j^rcatly stimulated .by the supply 
of cheap power. Apart from these, the TV A has 
orManisod electrical cold storage units for homes and 
familie.s wlio can hire ‘lockers* and jirescrve their 
foods in them. The use of electric lamias, ccK)kiiig 
stoves, room heaters being very much increased, and 
there has been a grand saving of coal and petroleum. 
This is of utmo.st importance from the standpoint of 
the conservation of the fuel resources of the country. 

Dam SiTKs as Rkckkation Ckntrks 

The reservoirs make excellent places for recrea- 
tion. These beautiful ‘lakes* attract a large number 



I'M.. I. liidiistrial dcvi'lopim-m ilic Ti-iiiiosscr A’.'illiy. tiom T\' I Nef^ori). 


phale plants, and aircraft factories have been in- 
stalled in this area.'" ’I'lie T\’A is making a snb- 
slaiilial eoiilribiilinn to ‘Xalional I'efeiioe*. The 
total income to ‘ T\'A from sale of electricity 
ainonnted to 21 million dollars in 10 ji. 

RuKAI. Fi.KCTKIKICATION and DKVKI.Oi'MrXT nl* 
SmAI.I, iNDr.STUlKS 

The network of the TX* A Power lines have made 
electricity available in the interiors of the rural area 
enabling .the jieople to enjoy the modern living 

•The aluiiiiiiiiiiii wurks alone* eoirsiitiit* over l,(KiO 
million units; frrro .-illtjy** ('onsntne a farm pow^r of 
56,000 kw., ammonium iiHrale plants .A8,000 k\v. 


of tourists on the sites, and add considerably to the 
income of the people of the locality. ^lotorablc road, 
steam boats, scenic beauty of the surroundings make 
the site extremely attractive. At the Norris Dam iii 
1934, ^iome 385,000 visitors and tourists came to enjoy 
their holidays. It suggests an enormous possibility 
for develoi)ing the place as a valuable recreation 
centre. 

I 

TmC ORf'.AMSATKiN .AND KxI'KNSKS 

The chart (Fig. 5.) on the TVA organisation 
shows the management of the entire scheme of 
administratiou.- The TVA organisation consists of 
10 departments, which are combined into 5 function- 
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ally related programme groups, viz., the Manage- that would scarcely be recognizable outside the 
mcnt Service Council, Water Control in the River Tennessee Valley.** This gives us an idea of the 



Ftc. 5. TV A Organisation. {Reproduced from the Annual Report, 1941). 


Channel, Water Control on the I,and, Power, and 
Regional Planning Council. The work is co- 
ordinated in a two-way flow between the Board 
and the department heads through the Office 
of the General Manager. Within the limits and 
objectives set by the Act and the policies of the 
Board, every department is both a planning and an 
action unit. To encourage initiative,* technicians^ 
professional people, and administrators are alloweil. 
maximum latitude for original expression. 

The organisation of the TVA employs a large 
body of personnel, technically or otherwise expert, 
including engineers, scientists, architects, machinists, 
clerks, draftsmen, instructors, teachers, research 
scholars, doctors, foresters, and so forth. The num- 
ber of employees under the TVA was 22,506 at the 
end of the fiscal year 1941. It is interesting to note 
that about 5,500 of the employees received salaries 
more than 1,500 dollars a year or about Rs. 375 per 
month, — ^they include both skilled engineers and 
technicians as well as clerks, machinists, carpenters^ 
etc. Jack and Whyte remarks, ‘Tts salary list in- 
cludes almost every recognized profession and some 

8a 


comprehensiveness of the scheme and, Jacks and 
Whyte record : 

'‘Within eight years, the Tennessee Valley 
Authority has l)uilt thirteen large dams, created 385 
miles of 9 ft. navigation channel for commerce, pro- 
vided more than 8,000,000 acre-ft. of flood control 
storage, produced nearly 30,000 million kwh. of 
electric energy, provided 150,000 seedlings for re- 
forestation, and manufactured 500,000 tons of phos- 
plates and fertilizers.** 

The construction of dams and i)owcr-plants have 
been great engineering as well as economic feats. 
To mention the cost of a few of them we have 
the following figures* : Pickwick Dam 35,631,000 
dollars (includes 4 power-generating units), Wilson 
381695,000 dollars (with 14 units), Wlieeler 35,265,000 
dollars (with 4 units), Guntersville 31,675,000 dol- 
lars (with 3 units), Chickamauga 34i9SO,ooo dollars 
(with 3 units), Norris 30,856,000 dollars (with 2 
units), Hiwassee 17,385,000 dollars (with i unit), etc. 
The projects have already approached an expendi- 
ture of 500 million dollars in course of these* ten 
years of the TVA. 
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Summary 

Let us now scrutinize the factors which have con- 
tributed lo the success of the TVA. 

In the first place, the planning was * totalitarian’. 
The Authority took the whole river system as ‘one 
unit’, and evolved a schenic for dealing simulta- 
neously with ])roblcms of flood-control, navigation, 
electrical power generation, soil conservation, irriga- 
tion and public health. No piecemeal measures were 
under taken. 

There was a ‘Roosevelt’ behind the schemes, so 
that the oppositions due to States and vested 
interests could be overcome, and the full power of 
the F'cderal State 'could be exerted for the success of 
the undertaking. 

The execution of the work was in the hands of 
trained scientists and engineers, and all constructive 
works were first tested by means of model experi- 
ments in the research laboratories. 

'*The TVA has adopted a policy of co-operation 
with Nature ; Us worst enemies are not natural 
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forces hut the interests that have grown powerful on 
their exploitation. The desert is beginning to 
blossom again in the Tennessee Valley. Man and 
Nature are proving a stronger combination than man 
and money.**^ 

The present article was originally compiled for 
circulation among the members of the Damodar Flood 
Enquiry Committee which met for its second sitting 
in March 1944. A few more details have however 
been added here. Of all the river basins in the world, 
the Damodar Valley presents the closest parallel to 
.the Tennessee Vallc>, though on a smaller scale. 
The radical solution of the problems of the Damodar 
Valley lies, therefore, in the adoiition of similar pro- 
cedure as has been done by the U. S. Government 
.through the TVA, with necessary modifications. 
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PLANT LIFE IN WATER 

K. BISWAS 

SUPKKINTSNUKNT, ROYAI, BOTANIC GARDEN, CAI.CUTTA 


T^ATKR is the sustaincr of life. Creation procccd- 
** cd from water, so say the sacred books of India. 
About three-fourths of the globe are water and 
many “unfathomed caves of ocean*’ l)car numerous 
plant and animal organisms which originate, grow 
and die in the depths of the seas. The remains of 
some of them are preserved for ages as fossils. Thus 
in some of the beds of the oceans have been dis- 
covered vast areas covered with deposit of fossil re- 
mains of the most remarkable unicellular plant known 
as Diatom. These unicellular plant organi.sms bear 
on their silicified walls markings of extraordinary 
beauty. Very large plants sometimes appearing like 
palms also grow deep down on the bed of the ocean 
covering large areas. They are of various colours 
mostly red and brown. These plants of the marine 
w^aters arc commonly known as seaweeds. These sea- 
weeds which are truly the “treasures of the deep” 
exhibit marvellous display of colour and designs in 
their fronds which serve as objects of art. The sea- 
weeds are distinguished according to their variation 
in colouring matters. Thus Blue-green seaweeds are 
known as Mjrxophycese or Cyanophycese ; Green ones 


are called Chlorophyceae, Brown — Phcophyccae and 
Red — Rhodophyccae. Some of the members of a 
brown seaweeds attain enormous size. Some are sub- 
merged while others are exposed to the tidal water. 
The colour of the seawater which is sometimes red, 
brown, greenish grey, blue-green, etc. is due to the 
presence in . large masses of jdanls and animal 
organisms which float freely on the surface drifted 
by the current of the water and wind. Such a float- 
ing raa.ss of organisms is known as plankton. They 
are popularly known as water flowers. The red 
colour of the water of the Red Sea, especially near 
the coast is due to the radiant appearance of the 
floating microscopic plant known as Trichodesmium 
erythraeum. Another microscopic alga— Nodu/arta 
spumigena^imparts greenish grey colour to the 
Baltic Sea. Similarly the colouration of the Atlantic 
Ocean near the tropical region is due to the presence 
of myriads of organisms known as Heliotrichum. 
Some Diatoms occurring in large masses, lend 
brownish or greenish tints to the Arctic seas. 
Luminiferous plankton forms of the marine floating 
plant organisms known as dino-flagellata ocdirring 
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in the North Sea, Skager>Rak and Western Baltic 
render the seawater phosphorescent in the autumn. 
Green, blue-grccn and red colouration of the fresh 
water tanks, jheels, ponds and puddles is caused 
chiefly by water flowers. These water blooms are 
composed of minute microscopic unicellular free 
floating green and blue-green water plants. The thin 
green fllm fre(]uently noticed in our tanks and i.)onds 
is caused by plant organisms known as Euglenas 
which swim rapidly in the surface water and change 
its colour from gre^ to red caused by the variation 
in the intensity of light. 

The current water of rivers and streams etc.,* do 
not harbour sufficient vegetation. Strong current, 
the amount of pollution and influence of tide are so 
much that the physical forces such as gravity and 
light, the chemical forces such as oxidation and 
reduction, and other physico-chemical oiicrations and 
the biological forces such as the action of bacteria, 
the w'ater plants known as algae and the lower 
aquatic animals favourable to sustaining ricli vege- 
table life— arc all reduced to a inininiuiii. The biotic 
factors also interfere with the plant and animal life 
of such flowing waters. 

In clear hill streams submerged and rock-loving 
plants are often seen attached to the rocks and other 
hard sub.strala. Tlic plants found in such a peculiar 
situation belong to the genus Podoslamon of which 
P. Wallichii is often met with on the rocky sub- 
merged beds of hill .streams in different parts of 
India. A microscopic blue-green plant known as 
Siegenima and the two red ones of the genera 
Siriodotia and Bair ochosper mum are also found to 
occur in similar habitat to that of Podostemon. These 
lithophilous i.e., rock-loving plants show^ extra- 
ordinary adaptations to their peculiar environments. 

I^et us now pass on the freshwater plants which 
are so plentiful in this country. Anyone, even a 
casual rambler, walking along the banks of a lake, 
a jheel, a tank, a pond, or a puddle, and observing 
plants and animals floating, swaying, daiicmg and 
playing in the water in their natural beauty, cannot 
hut wonder at the marvels of poiid-life, and wall find 
in them “complctQ expression of the will of God in 
things created.** lie will then surely try tt» peep into 
the secrets of “organic creation in the niid:>t of which 
our lives are embedded.*’ 

In a sweet water reservoir overgrown with vege- 
tation we find generally four distinct storeys of 
vegetation. On the muddy floor of our tanks, jheels, 
lakes, canals, khals and numerous other similar water 
areas there exist a thin film of slimy layer of mud 
over the floor of the tanks, jheels, etc. Such a 
muddy floor consists of numerous microscopic plants 
and other allied organisms such as putrefaction 
bacteria, sulphur bacteria, iron bacteria, Diatoms 


and blue-green algae. Such a layer harbouring so 
many types of life forms in the bottom of water 
areas is known as the vital layer. The organisms of 
this vital layer are of great biological iiiiporlance as 
they disorganise large quantity of organic matters 
deposited on the muddy bottom by the submerged 
plants and animal organisms as a result, of their 
metabolic action. Such a debris of decaying organic 
matter is finally converted into suitable plant foods 
for rooted aquatics and submerged plants. 

Next comes larger flowering aquatic plants 
which arc rooted to the bottom layer. One of the 
most common plants is known as I'allisnvria spiralis 
(*rffeT^Tt% ). It has long ribl Kin-shaped green leaves 
and an underground trailing stem rooted at the 
nodes to the mud. In this plant the male and the 
female flowers are born on two separate individuals. 
Towards the end of the cold weather from Keliniary 
to April, the female i>laiit .shoots out a long spirally 
coiled tlireadlike stalk hearing at its apex female 
flowers with the stigma or the receptive spot floating 
over the surface of the water. The male flowers in 
their turn bursting out of the sheath at the base of 
the plants come up and float over the surface of the 
water in large numbers. The male germ then reaches 
the female organ by the current of water and fertili- 
sation takes place resulting in fruits containing seeds. 
There are some other rooted aquatics of similar habit. 
Next storey of water plants is composed of floating 
and submerged vegetation and finally, if the surface 
of the water of a tank, a lake or a jheel etc. is left 
uncared for, there grow various types of floating and 
amphibious plants. If, liowever, the surface of the 
water is fairly clean the vegetation may be coiiipo.scd 
of non-flowcriiig microscopic water plants or miiiule 
flowering plants such as Wolfta (giiri paiia), Lcmna 
(khudi pana) and azola serving as the chief source of 
food to our edible fishes. But these delicate floating 
plants are easily replaced by larger sturdy members 
of higher orders such as Pistia siraliolcs (toka pana), 
Sahinia cucuUata (idurkani pana) and water hyacinth 
(kochuri pana). If these larger plants are not taken 
out of the water, the surface of an expanse of water, 
with the support of these larger floating jdaiits, may 
then gradually be encroached upon by what may be 
called amphibious vegetation. The nieinbcrs of this 
community of water plants are partly attached with 
their roots to the sides of the tank and partly sus- 
pended over the surface of water by various ado^j- 
tions. Of these niay.be mentioned Jussieua repens, 
Ipomoea replans (kalmi sak), Enhydra fluciuans and 
Hygrorhiza aristata and others. A thick screen of 
such a floating vegetation chokes up the surface of 
the tank and prevents sunlight from penetrating into 
the water. It thus interferes with the photosynthetic 
action of the submerged water plants imparting 
oxygen to the water and thereby purifying the water. 



4 ^ 


SCIBNdS AltD dUhtUttlt 


Vot. tx, No. 10 


When these larger plants have their free hold over 
the surface of the water, the internal conditions of 
the tank then become highly insanitary and prove 
to be deleterious to culture of fishes. In addition to 
this kind of water plants there are other types of 
water plants which have underground stems rooted 
in the muddy bottom of the tanks and the leaves float 
over the surface of water. The common plants of 
this type are I^otus, Lily, Lininanthcmum, Paniphal 
and others. Of such plants the most interesting plant 
of horticultural importance is the giant water Lily — 
Victoria Rigia— called after Queen Victoria. This 
Amazon Lily, the largest flowering aquatic plant has 
very large leaves about 6 to 9 feet in diameter with 
flowers as large as i foot in width. It opens early 
morning but closes up soon after. At the beginning 
of its bloom it is white but later on it becomes pale 
pink. A freshly opened flou'er effuses a very sweet 
fragrance. 

The water plants both of the sea and fresh 
water are of great economic importance. Microsco- 
pic green and blue algae and diatoms play an active 
part in the purification of water, irrigation and 
drainage. Larger floating plants like the water 
hyacinth and other water plants and the filamentous 
microscopic forms of plants often provide obstacles 
for effective operation of irrigation systems and lead 
to various biological problems affecting health and 
communication of people. The role of algae in the 
Alter works of Calcutta and other cities has been 
clearly established in ray works on the algae of the 
filterbeds. The relation between lower aquatic plant 
organisms and mosquito larvae is an important pro- 
blem in our country. 

Seaweed is also a valuable food containing 
silica, lime, potash, nitrogen and carbon. They are 
also good manure and arc utilised as .such along the 
coastal regions. It«is worthwhile to investigate this 
aspect of tlic importance of seaweed in India along 
her coastal regions. The well-known Ceylon-nioss 
or Agar Agar used as food and culture medium for 
bacteria and fungi is a kind of seaweed. Another 
seaweed which is likely to grow in some parts of our 
coastal areas in Southern India is cultivated for food 
in Japan which is known as Japane.se T/aver’. It is 
imported into Kngland in dried sheets. War has 
made seaweed eaten in many forms in different parts 
of Britain. ‘‘Seaweed bread”, sometimes called 
“laver bread”, made from Puple Laver seaweed 
known in^ science as Porphyra vulgaris is popular on 
the Welsh coast. Dulse, a species of small, smooth 
leaved seaweeds botanically called Rhodomenia 


palmaia is eaten uncooked in some parts of Great 
Britain. In some of the coastal areas of Kngland it 
is served with roast mutton or as a savoury on toast. 
Another seaweed Lamminaria saccharina is eaten in 
Ireland and in Japan as a delicacy and is particularly 
prized as ”the poor man’s weather guide” for a tuft 
suspended to the ceiling will foretell rainfall by its 
absorption of the coming moisture. Other industrial 
uses of the seaweeds, such as for sound deadening, 
heat and cold insulation, manufacture of iodine etc., 
are of increasing importance in trade. Fossil beds 
of Diatoms or Diatoniaccous earth may be discovered 
in |he neighbourhood of the Andaman and Nicobar 
Islands. Diatoniaceous earth is of great importance 
as a commercial product. Researches reveal its 
varied uses for industrial purposes particularly for 
the manufacture of an explosive, dynamite, that 
could be transported with comparative safety. The 
marine and freshwater plankton algae are the chief 
food for Ashes and are therefore of the greatest 
value to pisciculture. The great importance of algae 
in relation to fisheries has been proved by the recent 
investigation carried out in many leading Marine 
Biological Stations where algae in relation to fishes 
and fre.shwater supply are studied. “It is well- 
known”, enjphasises Polnnin, the reputed biologist, 
“that many macroscopic animals^ such as fishes anil 
seals which are important for man’s food and fuel, 
arc to a very large extent dependent upon plankton 
ultimately and indirectly phytoplankton for Iheir 
own food.” He rightly insists on the war-time use 
of plankton, as there is sufficient possibility of 
‘obtaining food direct from the marine plankton’. 
My own investigation too fully establishes llie impor-^' 
tance of some forms of algae in pisciculture and 
sanitation of our water areas. 

The plant life in water is a world by itself. Its 
mutual relation with aquatic animal organisms is 
also of great importance. Recent biological advance- 
ment compels the biologists to explore all avenues to 
utilising the vast marine and freshwater plant and 
animal organisms. India should not lag behind in 
such an effort. Limnological re.searclies will reveal, 
as a result ot further investigation, mysteries of plant 
and animal life in the marine and sweet water which 
are likely to have direct or indirect bearing on 
human life as well. 

“Then study her with reverence high, and she 

will give the key, 

So shalt thou learn to comprehend to the secrets 

of the sea.” 
MARIg J. Hwkn. 
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Thk Project for a Comprehensive History of India 
BISHESHWAR PRASAD. 

JOINT SKCRKTAKV. INDIAN UlSTORY CONCRKSS 


rpHE demand for a Comprehensive History of India 
has been voiced by scholars for sometime now. 
The absence of a common forum of Indian historians, 
however, prevented this demand from assuming a 
concrete shape until the Indian History Congress 
was founded in 1Q35. At its very first session held 
at Poona the Congress realised the need and em- 
phasised the early desirability of mobilising the 
country’s talent for the purpose. At its .second 
ses.sion in 1938 at Allahabad a Committee was 
appointed to examine the feasibility of preparing a 
Comprehensive History of India, written along objec- 
tive and scientific lines by Indian historians. The 
Committee reported favourably and the Congress, 
thereupon, decided to undertake the work at its 
Lahore session. The first task was the preparation 
of an agreed synopsis for the projected history. A 
number of drafts were prepared and closely scruti- 
nised by some eminent historians of the country. It 
was then decided to ap])oint three editorial com- 
mittees to reconsider the draft scheme, divide it into 
volumes and chapters and to assign chapters or sec- 
tions of chapters to scholars who were to be selected 
on the basis of their special work on the subject 
covered by the chapter allotted to them. Each Com- 
mittee was to deal with one period of the history — 
ancient, medieval and modem. The Editorial Com- 
mittees* were composed of sonic leading historians, 
who had made a mark in their respective fields, and, 
as will be clear from the lists below, are representa- 
tive of the various sections and areas of the country. 

• The personnel of the Editorial Committees is as under : 
Ancient Period 

1. Dewan Bahadur Dr S. Krislinaswamy Aiyangar, M.A.. 

Ph.D., Madras. * 

2. Dr D. R. Bhandarkar, M.A., Ph.D., Calcutta. 

3. Dr H C. Raycliaudhnri, M.A., rh.D., Carmichael Pro- 

fessor of History, Calcntta University. 

4. Dr R. K. Mnkerji, M.A., Ph.D., Head of the History 

Department. Lucknow University. 

5. Dr M. H. Krishna, M.A.. D.Litt., Head of the History 

Department, Mysore University. 

6. Dr A. vS. Altekar, M.A., D.Litt., Head of the Depart- 

ment of History and Indian Culture, Benares Hindu 
University. 

7. Prof. K. A. Nilkanth.'i Sastri, M.A., Head of the History 

Department, Madras University. 

8. R$o Bahadur K. N. Dikshit, Director General of Archaeo- 

logy, Simla. 

8. Dr R. C. Majumdar, M.A., Ph.D,, Calcntta (Convener). 


The conveners of these Committees respectively 
are Dr R. C. Majumdar, e.v-Vice-Chancellor of the 
Dacca University, Dr R. P.,Tripalhi, Professor and 
Head of the Department of History, Allahabad Uni- 
versity, and Dr S. N. Sen, Keeper of Imperial 
Rccord.s, Oovernment of India, New Delhi. Beside.s, 
a Coordinating Committee t was appointed to coordi- 
nate chapters and periods and ensure uniformity of 
treatment and unity of design. Dewan Bahadur 
Dr S. Krishnaswami Aiyangar, Retired Professor of 
History of Madras University, was appointed its 
Chairman. It consists of the three conveners of the 
Editorial Committees besides Prof. Srinivasachari, 
Dr Tara Chand, General Secretary of the Congress 

Medieval Period 

1. Prof. Mohammad Hahib, M.A., Head of the History 

Department, Aligarh University. 

2. Prof. H. K. Sherwaiii. M.A., Head of the History De- 

partment, Osnianin University, Hyderabad. 

3. Dr Islmari Prasad, M.A., D.Litt., Allahabad TTniversity. 

4. Mr C. Yazdani, Director of Arcliacology, Hyderabad, 

Deccan. 

.5. Dr Tara Cband, D.Phil., K. P. University College, 

Allahabad. 

6. Dr K. R. Qnnungo, M.A., Ph.D., Head of the History 

Departiiie.ut, Dacca University. 

7. Dr B. P. Saksena, M.A., Ph.D., Allahabad University. 

8. Dr R. P. Tripatbi, M.A., D.Sc.. Head of the History 

Department, .Allahabad University (Convener). 

Modem Period 

1. Pn>f. D. V. Polilar, Bharat Itiliasa SaiiisIuHlhak Mandnl, 

Poona. 

2. Rao Bahadur Prof. C. S. Srinivasachari, M.A., Head of 

the History Department, Annamalai University. 

3. Principal Sita Ram Kolili, M.A., Government College. 

Hoshlarpnr. 

4. Dr K. K. Dutta. M.A., Ph.D., Patna University. 

5. Dr Bisheshwar Prasad, D.Litt., Allahabad University. 

6. Dr »S. N. Sen, Ph.D., B.Litt., Keeper of Imperial Re- 

cords, New Delhi (Convener). 

t The Personnel of the Coordinaiing Committee is as 
follows : 

1. Dewan Bahadur Dr S. Krishnaswami Aiyangar (Chair- 

man). 

2. Dr R. C. Majumdar, M.A., Ph.D., Calcutta. 

3. Dr R. P. Tripatbi, M.A., D.8c.. Allahabad University. 

4. Dr S. N. Sen, Ph.D., B.Litt., New Delhi. 

*>. Rao Bahadur Prof. C. S. Srinivasachari, Annamalai Uni- 

versity. 

6. Prof. H. K. Sheru'ani, M.A., Osmania University. 

7. Dr Tara Chand, D.Phil., Allahabad. 

8. Dr Bisheshwar Prasad, D.Litt.. Allahabad University 

(Secretary). 
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and Prof. H. K. Shcrwani. Dr Bishcshwar Prasad 
was apj)ointed to act as its secretary. These Com- 
mittees, permanent in their constitution, are respon- 
sible for the preparation and editing of the Compre- 
hensive History. 

The Editorial Committees could in the early stage, 
proceed with their work only by means of corresiwn- 
dence. At Aligarh, in December, 1943, during the 
last session of the Indian History Congress, the three 
Committees met and finally adopted the scheme of 
the Comprehensive History of India in 12 volumes, 
which secured the approval of the Coordinating 
Committee also. The Editorial Committees also 
discussed a time table for the preparation of the 
volumes, and it was resolved to bring out at least two 
volumes in the first year, and to publish at least 
three volumes every subsequent year. I'liiis it is 
hoped that in four years the Comprehensive History 
of India will be completed. To facilitate the work 
of editing, it was also decided to assign one volume 
to one member of the Editorial Committee, who will 
help the Committee in the editing of the volume con- 
cerned. The following arrangement was agreed 
upon : — 

Vol. I : From the earliest times up to 325 B.C. 

including account of Indus Valley 
Civilisation. 

Rai Bahadur K. N. Dikshit. 

Vol. II : hVoni the Maiiryas to the rise of the 

Ouptas (325 B.C. to 319 A.D.). 

Prof. K. A. Nilkantha Sastri. 

Vol. Ill : From the Guptas to the rise of the 

Cholas in the South, and Paraman 
in the North (319 A.D. to qS.s A.D.) 

Dr R. C. Majumdar. 

Vol. IV : From qS.s A.D. to the establishment of 

Turkish domination (1206 A.D.) 

Dr S. Krishnaswainy Iyengar. 

Vol. V : The Sultanate of Delhi (1206 A.D.— 

1326 A.D.) and Provincial Kingdoms. 

Prof. M. Habib. 

Vol. VI : Administrative and Cultural Aspects in 

the Period 1206-1526 A.D. 

Dr Tarachand. 

Vol. VII : Political History of the Mughal Period 
(1526—1717 A.D.) 

Dr R. P. Tripathi. 

Vol. VIII : Cultural and Administrative Aspects of 
of the Mughal Period. 

Prof. Sri Ram Sharma. 

Vol. IX : Fall of the Mughal Empire and Rise of 

the Marathas etc. (1702—1772 A.D.) 

Dr 8. N. Sen. 


Vol. X : Disruption of the Maratha Confederacy 

and establishment of British rule in 
India (1773 — 1818 A.D.). 

Prof. C. S. Srinivasachari 

Vol. XI : Consolidation of the British domination 
of India (1818—1857 A.D.). 

1 ^ K. K. Datta. 

Vol. XII: New India (1857— 1919 A.D.). 

Dr Bishcshwar Prasad. 

Every volume will have on an average about 20 
chapters. The size of a chapter will depend on the 
importance of the subject, but generally a chapter 
will comprise about 40 pages of 500 words each. 

The first volume will open with a description of 
the culture of the carlie.st people, and describe the 
Indus Valley and the early Dravidian civilizations. 
The history and civilization as depicted in the Vedic 
Sainhitas and post-Vedic literature will be treated in 
three chapters. Then will follow chapters on the 
religious movements, Jainism, Buddhism, Vaislinav- 
isiii, Saivism etc. The history of Aryan expansion 
in the South and the jiolitical history of the period 
upto the end of the Nanda Empire will l)e dealt witli 
in another three chapters. Then will follow chapters 
on social and fiolitical institutions, economic condi- 
tions, language and literature, art and architecture of 
the period. vSimilarly volume two will deal with the 
history of the Mauryas, their successors in the north, 
the Satavahana Empire and other dynasties and 
States of the South and the North which flourished 
in the period preceding the establishment of the Gupta 
Empire. Next will follow chapters relating to 
colonial and cultural expansion, political and social 
institutions, economic conditions, religious move- 
ments, art and architecture, of the period. These 
aspects will cover about half the volume. In volumes 
three and four also similar treatment has been 
adopted. The rise and fall of the Gupta Empire, 
together with the history of the dyna.sties succeeding 
it, as well as the history of the provincial kingdoms 
and dynasties of the Southern India and the rise of 
the Rajput clans form the subject matter of the third 
volume. The fourth volume will narrate the history 
of the Chola Empire and of the Yadavas of Deogiri, 
Hoysalas of Mysore and Pandyas of the South, llic 
Chalukyas and other dynasties of the Deccan, 
Vaghelas, Chandellas, Tomaras, Chauhans, Gahad- 
vals, Palas and Senas, all the.se dyna.stics will find due 
mention in the pages of this volume, which will des- 
cribe the political condition of our land on the eve 
of the Turkish invasions from the north-w»c.st. In both 
these volumes a large number of chapters will he 
devoted to the discussion of colonial expansion, reli- 
gious movements, social and economic life, political 
institutions, art and literature of the period. 
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The entire Medieval Period from iao6 to 1712 has 
been divided into two well marked epochs, the Delhi 
Sultanate and the Mughal Empire, each having two 
volumes to itself. In volume five while half the 
chapters will be devoted to the narrative of the poli- 
tical history of the Delhi rulers, the other half will 
chronicle the rise of the many provincial States which 
trace their growth to the disruption of Delhi 
supremacy. Tlie States of Jaunpur, Bengal, Gujrat, 
Malwa and Khandesh besides the Bahnianide and. 
Vijayanagar Empires of the South and the Rajput 
States of the North will be dealt with in the remain- 
ing chapters. But volume six will be wholly devoted 
to the discussion of the political organisation, social 
and economic conditions of the people, religious 
movements both Hindu and Muslim, and art and 
literature of the age. The evolution of the provincial 
languages will also feature prominently. The political 
and social institutions of the Bahmanide and the 
X’ijayanagar Empires will be dealt with in a few 
chapters. Thus while the fifth volume will deal with 
the political history of the period, volume six will 
cover the cultural and iii.stitutional developments of 
tlie ci)och. The same treatment has been adopted for 
the next two volumes dealing with the history of the 
Mughal Empire from 1526 to 1712. In the first 
N’oluine (Vol. VII) earlier chapters will narrate the 
expansion of the Mughal Empire, while later chapters 
will relate the rise of the Marathas, Sikhs, Jats and 
Ihindelahs whose emergence led to the disruption of 
the Mughal lunpire. The last fe>v chapters will deal 
with the jxdicy of the Mughal Emperors towards- the 
Rajputs, and their religious policy. The history of 
the disruption of the Bahmanide Empire and the 
succeeding States, as well as the South Indian States 
which succeeded Vijayanagar Empire and the story 
of the European settlements will also be narrated in 
this volume. The second volume (Vol. VllI) will 
have chapters on political organisation, revenue 
s.vslem and judicial machinery of the Mughals and 
tile political institutions of the Marathas. Social life, 
economic organisation, religious life, literature, art — 
all aspects of cultural life of the country will be 
treated in this volume. 

The period from 1712 to 1919 has been divided 
into four volumes. The first (Vol. IX) will describe 
the decline of the Mughal Empire under the successors 
of the Imperial Mughals, and trace the history of the 
provincial States which rose on its decline, such as 
l^engal, Oudh, Deccan and, Rohilkhand. The 
Struggles of the Sikhs, and the history of the Raj- 
putana States have a chapter each. Then will follow 
chapters dealing with the rise of the Peshwas, founda- 
tion and expansion of the Maratha Empire upto the 
death of the last of the great Peshwas, Madho Rao. 
The last few chapters will describe the conflicts of 
the European Companies and the establishment of 


British control over Bengal. In the second volume 
(Vol. X) will be narrated, in the earliest chapters, the 
developments in Maratha polity, the disruption of 
their Confederacy and tlie decline and fall of their 
empire. Then will follow an account of the Nortii 
Indian States and the history of Mysore and other 
South Indian States of the period. The subsequent 
chapters will desicribe tlie foundation of the British 
Empire in India, and the evolution of its administra- 
tive machinery. The last few chapters will deal with 
the social and religious life, economic conditions, art 
and literature of the eighteenth century. In volume 
XI after describing the history of the Punjab and 
of the other States in India, the story of the expan- 
sion of tlic Britisli Empire will be related. The rela- 
tions of the Company’s Government with the Indian 
State.s, and the Mutiny will have a chapter each. 
Next will follow chapters dealing with the evolution 
of Governmental system and administrative machi- 
nery. The last few chapters will again discuss tlie 
social, religious, economic, literary and artistic aspects 
of the early nineieeiith century. The last volume 
(Vol. XII) will describe the developments which have 
led to the emergence of the New India. Discussion 
of administrative developments, both moral and mate- 
rial, such as education, press, communications, etc. 
will be followed by an account of the structure of 
Goveruiiient including the growth of the legislature 
and the evolution of administrative machinery. Then 
will follow chapters dealing with the financial aspects 
and the industrial revolution in the country. The 
movements of religious and social reform, as well as 
the beginnings of the national political movement will 
liave an important place in this volume. The admini- 
strative progress in various States will be described, 
followed by a di.scussiou of the relations between the 
paramount authority and the Indian princes. The 
frontier policy both in the north-west and in the 
north-east will be discussed in a few chapters. The 
volume will close with the story of the development 
of literature and renaissance of arts. 

Thus not merely the story of the political vicissi- 
tudes will be related but equal attention will be 
given to institutional and cultural developments. 
The pomp and splendour of kingdoms and empires 
will be there, and the narrative will contain deeds of 
heroism and adventure which won renown in battle 
and siege, and acts of statesmanship by which great 
structures of Government and administration were 
built and the happiness and well-being of the subjects 
secured. But there will be ample account of the 
leaders of thought and of faith wdiose dominion 
extended over the minds of men and who won lasting 
empires over their hearts and souls. Nor shall be 
neglected the study of those creative works of our 
people w^hich enshrine our ideas of truth and beauty. 
In these pages will be found not only a narrative of 
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the rise and fall of empires, but also the history of 
the religious life and movements, social and economic 
institutions, political organisation, and development 
of languages and literature and of art and architec* 
turc. The volumes will thus provide a unity of con- 
ception which will 1)0 expressed through a unifonnity 
of treatment. 

These volumes will be embellished by maps, 
charts, diagrams, and illustrations of our archaeologi- 
cal and artistic heritage. Exhaustive bibliographies 
relating to every chapter will also be included. 

The preparation and publication of the great 
work will be an c.xpcnsive undertaking which will in- 
volve many problems of finance and administration. 
For this purpose an Executive Board* has been con- 
stituted with a luiiiiber of public men, adininistrators, 
and Vice-Chancellors as its nienibers besides the 
members of the Coordinating Committee. 

* *f]ie Kxeciithc Board cousists of the folllowing : 

1. The Rt. Hon. Sir Tej Bahadur Sapru, P.C., K.C.S.I., 

LL.I)., 19, Albert Road, Allahabad (Chairman}. 

2. The Rt. Hon. Dr M. R. Jayakar, P.C., LL.D., B.C.T,., 

Winter Road, Bombay. 

vSjt. K. M. Muiishi, 26, Ridge Road, Malabar Hill, 
Bombay. 

4. Hon'ble Sardar Sir Jogendra Singh, Kt., Meml»er for 

Kclucation, Goveninieni of India, New lielhi. 

5. Dr Sir Shsfaal Ahmad Khan, Kt., D.Litt., High Coin- 

mi.s.‘;ioner for India in South Africa. 

6. Pradhan Shiroiiiaiii N. Madhava Rau, C.T.E., Diwati of 

Mysore. 

7. Sir Mir^a Ismail, K.C.S.I., Prime Minister, Jaipur State. 

8. Nawab Ali Yawnr Jung Bahadur, M.A., Secretary to 

H. E. 11. the Nizam’s Government, Hyderabad Deccan. 

9. Sir Abdul Qadir, Har-at-I./aw, Cliicf Justice, High Court, 

Bahaualpnr. 

10. Sir S. Radhakrishnan, D.Litt., F.B.A., Vice-Chancellor, 

Benares Hindu University. 

11. Dr Sir Ziauddin Ahmad, D.Sc., Vice-Chancellor, Muslim 

University. Aligarh. 

12. Dr Sachchidanand Siiiha, D.Litt., Vice-Chancellor. Patna 

University. 


The Comprehensive History Scheme is estimated 
to cost about four lacs of rupees. The Executive 
Board is already busy collecting funds. The Govern- 
ment of India have granted Rs. io,ooo and the Gov- 
ernment of the United Provinces have made a grant of 
Rs. 2,000 for the year 1944. The Universities of 
Allahabad and Patna have given a sum of Rs. 5,000 
and 2,500 respectively. Thus a good beginning has 
been made. It is hoped that the Provincial and State 
Governments, the Indian Universities and industria- 
li.st.s, merchants, zemindars and professional men will 
also e.xtend their generous support to the Congress. 

The Comprehensive History of India is a national 
undertaking in every sense of the term. Its contri- 
butors are drawn from all the Universities of India. 
They belong to the various great communities of the 
country, Hindu, Muslim, Parsi, Christian, Sikh, etc. 
and are fully representative of all the areas and 
interests. It is, therefore, hoped that the princes and 
I)eople of the great Indian nation will contribute 
generously to make the i)ublication of the Comprehen- 
sive History of India by their own historians possible. 

13. Prof. Amnranatlia Jha, M.A., D.Litt., Vice-Chancellor, 

Allahabad University. 

14. Dr Shyama Prasad Mnkerji, 77, Asutosli Mukerji R<*a(l. 

Calcutta. 

15. Dewan Babadur Dr S. Krisbiiaswanii Aiynngnr, M.A., 

Ph.D., Madras. 

16. Dr R. C. Majumdar, M.A., l*li.D., 4, Bipin Pal Road, 

Calcutta. 

17. Dr R. P. Tripathi, M.A., D.Se., ITcail of the History 

Department, Allahabad University. 

18. Dr S. N. vSen, M.A., Ph.D., B.Litt., Keeper of Imperi)! 

Records, New l>eliii, 

19. Rao Bahadur Prof. C. S. Srinivasachari, M.A., Head of 

Uic History Department, Annamalai University. 

20. Prof. H. K. Slierwani, M.A., Head of the History De- 

partment, tlsmania University, Hyderabad Deccan. 

21. Dr Bisheshwar Prasad, D.Litt., History Department, 

Allahabad University. 

22. Dr Tara Chand, D.PIiil., Principal, K. P. University 

College, Allahabad (Secretary). 
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Botes anb flews 


OBITUARY 

LT.-COL. SIR DAVID FRAIN 

According to a Reuter message, death has 
occurred of Lieutenant Colonel Sir David Prain, 
F.R.S., the eminent botanist and authority 
on Indian Flora at the age of 77. India owes a debt 
of gratitude to Sir David for his significant contri- 
bution to the knowledge of Indian Flora, and as such 
his death will be grieved by botanists all over this 
country. 

Lt-Col. David Prain began his career as a 
demonstrator in anatomy at the Edinburgh Univer- 
sity. He then joined the Indian Medical Service 
and was attached to native regiments in various parts 
of India for two years. He was afterwards appointed 
Curator of the Herbarium and library at the Cal- 
cutta Royal Botanic Oarden, in which capacity he 
served for 11 years. He succeeded Sir George King 
as Superintendent of the Garden and later he became 
the Director of Botanical Survey of India. Sir David 
Prain was instrumental for tlic introduction of 
cinchona cultivation in India. He joined tlie Lhasa 
Mission in 1902 and in that connection made inten- 
sive studies of the flora of Tibet thus contributing 
largely to the scanty botanical knowledge of the 
country. He was the trustee of the Indian Museum 
and in 1905 was appointed Director of the Royal 
Botanic Gardens at Kew’ -a post which he held for 
17 years. 


POST-WAR EDUCATIONAL DEVELOPMENT IN INDIA 

Ths Central Advisory Board of Education have 
recently submitted their final scheme for post-war 
educational development in India to the Reconstruc- 
tion Committee of the Viceroy’s Executive Council. 
The full text of the report signed by 34 distinguished 
educationists including Sir Jogendra Singh, Chair- 
man of the Board, Mr John Sargent, Educational 
Adviser to the Government of India, representatives 
of the Provincial Governments and other members, 
has now been published by the Bureau of Education 
for general information. 

The scheme is largely based on the memorandum 
prepared by Mr John Sargent, which was already 
made public when the Educational Adviser cho^ 
this as the subject for his presidential address for 
the section of Psychology and Educational Science at 
the last session of the Indian Science Congress. In 


a note in the F'ebruary issue of our journal, we already 
drew the attention of our readers to the twelve points 
of Mr Sargent’s scheme and commented on the finan- 
cial issue raised by the scheme. The Central Advi- 
sory Board have also discussed and formulated plans 
for post-war education under the following twelve 
subjects: (i) Basic (Primary and Middle) Educa- 
tion, (2) Pre-Primary Education, (3) Higli School 
Education, (4) University Education, (5) Technical, 
Commercial and Art Education, (6) Adult Education, 
(7) The Training of Teachers, (8) The Health of the 
School Child, (9) The Education of the Handicapped, 
(10) Creative and Social Activities, (11) Employment 
Bureaux, and (12) Administration. Compulsion, 
according to the scheme, will be applied between the 
ages of 6 and 14. Primary and middle education will 
be free. Entry to high schools will be on a selective 
basis ; generally those pupils will be admitted who 
show promise of taking full advantage of the educa- 
tion i>rovidcd. High schools will be of two main 
types: academic and technical. The objective of 
tx>th will be to provide good all-round education com- 
bined with some preparation in the later stages for 
the careers which pupils will enter on leaving schools. 
In the sphere of University education, it is suggested 
that a committee should co-ordinate the activities of 
the various universities in order to avoid over-lapping 
and to maintain standards and should also allocate 
any grants provided by the Central Government in 
aid of substantial new developments. It also meets 
the requirements of the country for technical educa- 
tion side by side with practical training. The scheme 
lays special emphasis on the quality of teachers at 
every stage of national education and recommends 
proposals for improving both recruitment and train- 
ing. 

The scheme is spread over 40 years. During 
the first five-year or the preparatory period, the bulk 
of the expenditure will be organising personnel, ex- 
periment and research and in establishing colleges 
and schools for training teachers of different types. 
Thereafter, the incidence of expenditure will depend 
largely on the expan.sion of the high school system. 
It is estimated that the increased cost of education 
will be Rs. 10 crores in the first five years, Rs. 23 
crores in the tenth year, and Rs. 60 crores in the 20th 
year. The peak expenditure of the scheme will be 
reached alx>ut the 40th year when the approximate 
incidence of the increased cost of education is esti- 
mated at Rs. 312 crores gross on Rs. 277 crores net 
per annum. 
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DESTRUCTION OF THE BERLIN HERBARRJM 

In a note in Science, December 3, 1943, E. D. 
Merrill, Director of the Arnold Arboretum of Harvard 
University, presents an account of the destruction of 
the famous Berlin Herbarium as a result of the recent 
Allied bom 1 )i]ig of Berlin. Announced in June 1943, 
the report has been I'l^nfirmed by the U. S. State De- 
partment. The various reports received in America 
as a result of eiUiiiiries through neutral countries, spe- 
cially Switzerland, bear ample testimony to the 
severity of the destruction. For instance, the 
director of the Jardiii Botanique at (Geneva, Swit/xT- 
land, was officially informed of the deslruclion of all 
its materials on loan to the Berlin Herbarium by fire 
and water. 

The destruction of the Berlin Herbarium, one of 
the largest and most important of all herbariums, re- 
l>resents a major catastrophe for the world of science. 
The botanical world will geiiuinely regret this irre- 
pairable loss which largely appears to be the outcome 
of indiscriminate bombing. The herbarium was 
developed and e(|uipped through the efforts of dis- 
tinguished ('icrniaii l)otanists, which extended over a 
period of nearly two centuries. It housed the basic 
historical collections of Oermany outside those at 
Munich and hundreds of thousands c)f type siwciinens 
from all parts of the world. Dr Merrill has revealed 
that about 4,393 specimens from different American 
herbariums alone were lying in the Berlin Herbarium 
on loan ba.sis, all of which can now be taken to be 
destroyed. It is reasonable to expect that loans from 
other countries also assumed [iroportional figures. As 
a matter of fact, inter-institutional loan system of 
study materials has been developed in this country 
to a great extent leading to international co-operation 
of inestimable value in science. Dr Merrill genuinely 
feels that while the loss of certain selected collections 
from American institutions on loan in Berlin will be 
felt by workers in American herberia, the really irre- 
placeable loss is that of the Berlin Herbarium itself. 

It is fitting to recall in this connection the des- 
truction of the famous Pulkovo Observatory in 
November 1941, during the Nazi bombing of 
Leningrad. Men of science will always regret 
destruction of institutes of scientific research 
and development, developed through centuries of 
.strenuous and untiring effort of the best brains of all 
times. Despite the profesvsions of high and fascinating 
ideals, the war will lose its very meaning and jmrpose 
if It fails to protect these institutes from which alone 
truth, knowledge and suggestions for progress ever 
emanate. 

INDIAN LAC RESEARCH INSTITUTE 

TiiK annual report of the Indian Lac Research 
Institute, Namkum, India, for the financial year 


1942-43, contains the Director’s review of the Insti- 
tute’s work under Administrative, Chemical, and 
Entomological .sections. Tlie work of the Chemical 
and the Entomological sections of the Institute, how- 
ever, continued to be satisfactory during the year 
under review despite various difficulties created by the 
w^ar. As usual the Chemical .section concentrated 
largely on moulding iwwders, varnishes, shellac rubber 
combinations, fundamental researches etc., but was 
mainly concerned during the year, with improvements 
of several processe.s that may lead to important com- 
mercial development. Mention may be made of the 
shellac moulding iwwder factory which already 
started pi*o<Uictioii. Laminated paper-lx)irds have 
Ijccn successfully produced on a commercial scale, 
r^arge-.scale manufacture of grinding wheels, water- 
proof emery pai)er, and injection moulded articles 
has also been demonstrated. An insulating varnish 
suitable for enamelling bare co])per wire was devel- 
oped. The erection of a i>ilot plant for the manu- 
facture f)f formaldehyde was completed, and exj)eri- 
mciits are now in progress to determine the Iwst work- 
ing conditions for satisfactory yield. The i»robleiii of 
l)rcpariug urea either in small or in large *]uaiititics 
has I)eeii .solved by a new method of making tlie 
same from ammonium carbonate instead of from 
ammonium carbonate. The Chemical section’s funda- 
mental researches dpriiig the year include investiga- 
tions on preparation of pure resin from shellac, 
determination of age of shellac, solubilization of dyes, 
effect of temperature and humidity on lac, dipole mo- 
ment mea.siireiiienls, dielectric properties of lac coii- 
stitueiils, instantaneous sound recording discs etc. 

The Entomological section concentrated particu- 
larly on the improvement and extension of eullivation 
by deiiioiislralioii and advice. The officiating entomo- 
logist inspected and drew up working plans for im- 
proved cultivation for a large number of Indian States 
and Zeniindaris. Arrangements have been made to 
depute senior fieldiiien from the Institute to serve for 
3 years at imporUnt centres in fairly large States, 
where the authorities are willing to pay for such 
services. The various investigations carried on under 
this section, during the year under review, include, 
mortality and fertility in lac insects, artificial control 
of in.sect enemies by heat treatment, improvement of 
cultivation of Palos, biological control of predators on 
Kusumi and Rangecni crop.s, mass breeding of 
M. greeni and M. Ilebetor in the laboratory etc. 


A QUESTION ON INDIAN PATENT RIGHTS 

In a letter recently addressed to us, Mr S. G. 
Saslry, Director of Industries and Commerce (retired), 
draws our attention to the question of obtaining 
pgteut rights in British India for a particular invention 
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or a process already patented in foreign countries. 
Mr Sastry had of late an occasion to have some corres- 
pondence with Controller of Patents in Calcutta on 
this matter which is doubtless important to Indian 
scientific workers. He raised tlie question whether a 
process or an apparatus already described in current 
technical literature and patent^ outside India could 
be given patent rights in this country. The Con- 
troller of Patents has given a ruling on this subject 
and has permitted him to quote the relevant i)ortions 
from the letter, of which we have received the 
following extract for publication. 

“The (luestion is ‘can any one apply for a 
patent if a particular invention or if a particular 
process which is known in other countries Iiappcns 
to be either unknown or little known in British India*. 
The answer to this question is that prior knowledge 
or prior use of an invention outside British India is 
not a bar to the grant of a patent in British India it 
the invention has not been publicly used or publicly 
known in any part of British India, prior to the date 
on w'hich the application for a patent was made in 
this country. An invention is deemed to bo publicly 
known if a document containing an adequate de.scrip- 
tion of it, w’hethcr is.sucd as a general publication or 
not, has in the course f)f ordinary business and with- 
out imposing any secrecy, reached an appreciable 
section of the iiublic interested in the art io which 
Ihe invention relates,** 


PROBLEM OF SOAP MANUFACTURE IN INDIA 

At the loth Annual General Meeting of the All- 
India Soai) Makers* Association, Mr B. Maitra, 
during his presidential address, referred to some 
serious i)roblems facing the soap manufacturers in 
India and put forward .some .suggestions which deserve 
attention. The soap makers have been particularly 
hard hit by the present Avar which has made the 
problem of the .supply of such essential raw materi.ils 
as caustic soda, cocoanut oil, tallow, essential oils and 
aromatic chemicals extremely difficult of solution. 
To this has been added the shortage of labour which 
has assumed no less serious proportion. All these 
seem largely the consequence of absence of any 
planned policy, so far as the Government is con- 
cerned, for the development of industries. He re- 
ferred to the National Planning Committee which in- 
deed raised high hopes for the future ; but these have 
now been frustrated owing to the continued deten- 
tion of its chairman Pandit Jawaharlal Nehru. 
Clouded as the present situation of soap-making in 
India is, the post-war problems should engage the 
attention of a]l concerned while the waj is still in 
progress. Mr Maitra has advocated the formation of 
a Committee of scientists to study and advise on post- 


war problems, of which he has himself suggested 
some. Some of his suggestions include the installa- 
tion of plants for the manufacture of caustic lye, the 
collection of soai) lyes from local plants for the manu- 
facture of glycerine, the produclioii of cocoanut oil 
in Madras and Bengal, the development of hydro- 
genated oil industry and essential oil and aromatic 
chemicals industry, etc. He also realised the need 
for research and control which should find due con- 
sideration in post-war planning for soap industry in 
India. He advocated the introduction of co-operalive 
research as the only effective measure to make avail- 
able the results of indispensable scientific investiga- 
tion to this industry. 

ONE MILLION DOLLARS FOR PROGRESS OF 
SCIENCE IN CHINA 

Wtt learn from a report in Nalurc that the British 
Council for the Promotion of Science and Technology 
in China has set aside a sum of one million dollars as 
cash awards for solution of scientific problems con- 
nected with national defence. The Council has 
selected ten special indu.strial and scientific problems 
ill which research is to be undertaken. Chinese men 
of science, industrial technicians and rescacli workers 
have lieeii invited to undertake studies and research 
on these problems. They will be re(|uipMl to submit 
reports of their results to the Council before the end 
of the current year. 


NEW FELLOWS OF THE ROYAL SOQETY 

Prof. A. V. Secretary, Royal Society, 

T^ondon, has informed us of the election of the follow- 
ing to the fellowship of tlie Royal vSocicty : R. A. 
Bagnold, R. P. Bell, C. R. Burch, S. Chandrasekhar, 
O. E. R. Deacon, J. C. Drummond, A. T. Glenny, 
R. T. Hatton, R. D. Haworth, W. O. Keniiack, F. 
Kidd, B. A. MeSwiney, G. E. Marriaii, M. Polanyi, 
A. Sand, W. Staiiier, C. J. Stubblefield, G. W. Tiegs, 
H. J. Van dcr Bijl, J. H. C. Whitehead. 

/. C. Drummond is Professor of Biochemistry at 
University College London and scientific adviser to 
the Ministry of Food. F. Kidd is a botanist and head 
of the Low Temperature Research Station of the 
Food Investigation Board of the D.S.I.R., at Cam- 
bridge. B. A. MeSwiney is a physiologist and Dean 
of the St. Thomas’ Hospital Medical School. G. F. 
Martian is a biochemist and Professor of Medical 
Chemistry at Kdinburgli. M. Polanyi is professor of 
physical chemistry at Manchester. A Sand is a 
zoologist and works in the physiological section of 
the Marine Biological Laboratory at Plymouth. If'. 
Sianier is a mechanical engineer, was chief engineer 
to the British railways, and is now one of the three 
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scientific advisers to the Minister of Production. 
O. IV, Tiegs is an Australian zoologist. H. J, Van 
der Bijl is a South American electrical engineer and 
a Foreign Metnber of the National Academy of 
Science, Washington. As to the rest, we are not 
properly informed. A full account of Prof. Chandra- 
sekhar’s scientific works will however he published 
in one of our subsciiucnt issues. 

ROYAL SOCIETY MEDALLISTS 

Thk King of Ktiglaiid has approved the recoiii- 
incMulations made by the council of tlie Royal Society 
ftir the award of the two Royal Medals for the 
current year as follows : 

To Sir Harold Spent'cr Jones, F.R.S., for his 
detenu illation of the solar parallax and of other funda- 
mental astronomical constants. 

To Dr K. 11 . Hailey, F.U.S., for his distinguished 
contributions to the knowledge of mountain struc- 
ture and his studies on the teconics of vulcanism. 

Thk following awards of medals have been made 
by the president and council of the Royal Societ}" : 

The Copley Medal to Sir Joseph Harcroft, F.R.S., 
for his distinguished work on respiration and the 
respiratory function of tlic blood. 

The Davy Medal to Profe.ssor Ian M. Heilbron, 
1 *\R.S., for his many notable contributions to organic 
chemistry, esiiccially to the chemistry of natural 
products of physiological iiiiiiortance. 

The Sylvester Medal to Profe.s.sor J .E. Little- 
wood, F.R.S., for his mathematical discoveries and 
supreme insight in the analytical theory of numl>crs. 

The Hughes Medal to Professor M.L.K. Oli- 
phant, F.R.S., for his distinguished work in nuclear 


physics and mastery of methods of generating and 
applying high potentials. 

BENEFACTORS OF SCIENCE CONGRESS 

Wa understand that Messrs Burmah Oil Co. 
(India Trading), T^td., have become Benefactors of 
the Indian Science Congress Association by paying 
the rc(iuisitive donation to the funds of the Associa- 
tion. This is a very happy sign of the interest which 
the indnstrial organisations of the country arc begin- 
ing to take in llie development of science and scientific 
research in India. It is also a xdeasure to recall in 
this connection that last year Messrs Tata Iron & 
Steel Co., Ltd., also liecamc a Benefactor of the 
Sc'iencc Congre.ss Association. In fact, the firm of 
the Tatas, pioneer as it had been in the field of big 
industries, was also the first to be a Benefactor of the 
Indian Science Congress Association. 

\Vc may mention here for information of our 
readers that an institution paying a lump sum of 
Rs. 1,000 (or more) may become a Benefactor of the 
Indian Science Congress ASvSociation. Every Bene- 
factor has the right to nominate one person as 
Ordinary Member of the Association. 


ANNOUNCEMENT 

Mr M. RMiiMin.i.Aii (Quraishi) of the Osmania 
University, now Fisheries Officer c»f the Hyderabad 
State has been awarded the degree of D.Sc. of the 
Madras University on the thesis entitled ‘*A com- 
parative study of the Morphology, Histology and 
Probable Functions of the Pyloric Caeca in Indian 
Fishes, together with a Discussion on their Homo- 
logy.” 
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VE(»TAnE DYESTUFFS FOR PULP AND PAPER 

The Indian Forest Leaflet No. 44 contains an 
account of some important experiments on the possi- 
bilities of employing vegetable dyes for colouring 
paper pulp, carried out in the Chemistry and Minor 
Forest Products Branch, of the Forest Research 
Institute, Dehra Dun. The inferiority of vegetable 
dyes to the synthetic ones is already known. But 
the need for exploring the possibilities of employing 
vegetable dyes has been urgently felt in recent years 
now that war has seriously curtailed supplies of 
synthetic dyes from abroad. The investigations 
undertaken at the instance of the Indian Paper 
Makers* Association have indicated the suitability of 
five indigenous vegetable dyestuffs for colouring 
paper pulps from the following: (i) Tamarind seed 
testa, (2) Kamala, (3) Gum Kino, (4) Cutch and 
(5) Sanderwood. 

The annual production of tamarind in India has 
been estimated at 3*5 million maunds yielding about 
15 million maunds of seeds. The economic value of 
this vegetable product has as yet hardly been realised. 
The kernel of the seeds has been found by recent 
investigations to be the richest source of commercial 
pectin. It is the testa constituting 45 per cent of the 
seed, from which the dye is to be extracted. Accord- 
ing to the estimate given, the cost per pound of the 
dye from tamarind testa works out to be Re. 1-3-9 p., 
which may be further reduced to about As. - 1 13I’ a 
pound, pending the development of a pectin industry 
from tamarind kernel. 

Kamala is the orange red power which exists as 
a grandular pubescence on the fruits of Mallotus 
philippinensis, a small evergreen tree met with 
throughout the tropical India. The ripe capsules are 
gathered and shaken in bags until the powder 
separates. Alternatively, the fruits are stirred in 
water and the sediment is collected in the form of 
cakes from which the dye may be extracted. Kino 
is the dried astringent exudate of Pterocarpus marsu- 
pium, a large deciduous tree of Central and South 
India. The manufacture of the gum from the 
exudate of the tree is carried out in North Malabar in 
the months of February and March, when the trees 
are in blossom. The dye extracted from Kino pro- 
duces much the same shades as that from tamarind 
testa, Cutch is the colouring matter obtained from 
the heartwood of Acacia catechu. It is associated 
with catechin (katka) and in the process of extraction 
of katha by, the country methods, the valuable cutch 
is allowed to go to waste. In factory practice, how- 


ever, the cutch is fully recovered. It is a valuable 
dyeing material to obtain shades of brown and khaki. 
The dye, santalin, is obtained by extracting with 
alcohol rasped sanderwood {Pterocarpus santalinus). 
This is a small sized tree found chiefly in South India. 
The extractable matter of the wood is nearly 20 per 
cent and consists of santalin and deoxy-santalin. The 
supplies of crude dyestuff amount to about 200 tons 
per annum. 

The leaflet contains further information regard- 
ing the methods of extraction, iirices and the pro- 
cesses of colouring paper pulp. vSpeciinen discs of 
papers showing the shades obtained with the use of 
different percentages of dyestuffs on the pulp arc set 
out in the colour shade sheets appended at the end 
of the leaflet. It is believed that commercial ciuanti- 
tics of the dyestuffs can be made available, should 
a demand for them develop in the paper industry. 

• 

A DIRECT-INTENSITY MICROPHOTOMETER 

A DiRKCT-iNTRNSiTY microphotomcter has been 
recently installed at the Observatory of the Uni- 
versity of Michigan. The design of tliis micro- 
photometer lias been ingcncous in many res- 
pects and has several added advantages and uses. 
The instrument can be used with ‘standard spot* 
calibrations, as a transmission microphotometer, and 
as an isophotometer for use on faint diffuse objects. 
A short description of the instrument, the full details 
of which have been published in the Astrophysical 
Journal, 98, 43, 1943, is reproduced here from a note 
in Nature, December 25, I943» 

“The instrument has two plate careers, on one 
of which is placed the photograph or spectrogram 
under examination, on the other, which can be moved 
transversely, a calibration photograph or wedge 
spectrum. This latter is kept in step with the other 
longitudinally w^hile being moved transversely by 
automatic means in such a way that the densities of 
the two plates are always equal. This transverse 
motion is transferred by means of a cam and mirror 
to the final trace, which then reproduces directly the 
relative intensities in the photograph under examina- 
tion. Line contours in absorption spectra can be 
reproduced to better than one per cent of the con- 
tinuum for plate densities between 2*0 and i‘i, while 
the speed of operation is such that spectrophotomctric 
comparison of two continuous spectra can be carried 
out at forty w^ave-leiigths over a range of 2500A. in 
an hour and a half.** 
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USKOL: THE NEW SYNTHETIC RUBBER 

This is an age of synthetic rubber. Various 
types of synthetic rubber, such as Buna S, Buna N, 
Neoprene, Butyl, Thiokol and Paracon, most of which 
iiave been developed within the last few years, have 
already gone into production. According to a report 
of Chemical and Engineering News, November 25, 
T943i another new synthetic rubber, called I'skol, 
has been developed by the General Labora- 
tories of United States Rubber Company. Several 
iinix>rtant advantages have been claimed for this new 
synthetic variety. The most notable of all properties 
is the high degree of resistance uskol offers to solvents, 
such as fuels, oils, gasoline, dry-cleaning fluids and 
other penetrating chemicals which react on natural 
as well as other varieties of synthetic rubber. 
Accordingly, its use in the manufacture of crnninodi- 
tics which are liable to come in contact with the above 
chemicals has been recommended. It may also be 
used for the preparation of such specialities as indus- 
trial moulded items, tubing, gas and oil hoses, tank 
linings, and for application to paper and card board 
to render them resistant to grease, water and 
chemicals. Rain-coats made of this new synthetic 
rubber can be dry cleaned. So far as resistance to the 
effects of sunlight, ozone and oxygen is concerned, 
uskol proves superior to all other varieties. In tearing 
resistance it also exceeds natural rubber. It may be 
used alone or as a blend with other synthetic varieties. 
It is, however, stated that the new product is not 
satisfactory for the manufacture of tyres in general; 
but in various items in the manufacture of the same, 
uskol may be used with advantage in place of other 
synthetic types now in use. 

In this connection mention may be made of the 
synthetic rubber— Paracon, which has also been an- 
nounced very recently (ScikncH .\nd Cui.turk, 
Vol. IX., No. 7). The product synthesised by 
Drs C. S. Puller and B. S. Biggs, of the Bell Labora- 
tories, is also reported to offer high resistance to heat, 
light and oxidation and is damaged by oil or petrol 
with difficulty. Plasticity of paracon also allows it to 
be moulded into intricate shapes and used in the pre- 
paration of rubberized fabrics. 

A NEW ADHESIVE 

The same issue of the Chemical and Engineering 
News reports a new adhesive developed at the labo- 
ratory of the Svartvik Sulphite Mill (Sven.ska Ccllulosa 
A/B), Sweden. The new adhesive, known as cellufix, 
is intended primarily for the food industry. Jt is not 
a substitute, but a chemical technical product 
made in Sw'cden for the first time. Two types of this 
product have been developed, namely, celluflx, a dry 
and white material, and cellugel, a more highly re- 
fined form with greater affinity for water. 

Cellufix, it is stated, is colourless and odourless 


and dissolves in water at almost all temperatures. It 
forms a clear, homogeneous, viscous solution when 
mixed with a large quantity of water and, when dry, 
becomes a clear, transparent film resembling gelatin. 
Mixed with wood flour and gypsum it produces a 
suitable filler which can be us^ in preparing glue 
paint. It has been used in the manufacture of printing 
paste of considerable importance in the textile in- 
dustry, which bids fair to replace gum tragacanth. In 
solution, cellufix serves as a satisfactory substitute for 
oil in some cases. 

Sweden previously depended on Germany for the 
supply of such materials as methyl and ethyl cellulose, 
cellulose glycolate, and similar products. This new 
adhesive appears to relieve her of this disadvantage 
and opens up a new field of development and manu- 
facture. 

MANUFACTURE OF INDUSTRIAL PLANTS 

In the wake of the devastations of war, inven- 
tive brains and enterprising skills often find profitable 
outlets. To make up the shortage of supplies of 
materials, plants and consumer goods from other 
countries each country aims at self-sufficiency at least 
with regard to eSvSeiitial things. A great fillip in the 
Indian industrial world has been witnessed in recent 
times. The development has not been always in 
keeping with peace-time economy but the immediate 
needs of the country are being served. A great defect 
in our industrial structure has been the absence of 
engineering firms which can fabricate plants for 
manufacturing processes. Two big chemical manu- 
factures have set to work, namely, Tata Chemicals 
and Metten Chemicals, and a host of small factories 
for light chemicals have also sprung up. We have 
been informed that some of the chemical plants like 
rotary kilns, distillation plants, filter presses and a 
number of special designs according to requirements 
of the army have been made in India and are giving 
satisfactory service. Wc were taken to a small firm 
near Calcutta whose achievements in the manufac- 
turing of diverse chemical plants are quite praise- 
worthy and the skilful enterprise of the authorities 
of the Chemical Industries and Engineering Com- 
pany bids fair to be of good service to our manu- 
facturers. In Bombay and Madras side of the country 
a few groups of trained experts are serving the needs 
of local manufacturers. What is now needed is the 
exploitation by our big manufacturers of the resource- 
fulness of these engineering units who have ^own 
also skill in designing. We would urge our industrial 
magnates to pay particular attention now to the 
making of industrial process plants in order to be 
ready for a solid industrial structure. The skill is 
evident and enterpri.se is not lacking. Big financial 
pools may utili.se the opportunity for iieally huge 
undertakings instead of waiting for dipping space.. 
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TH the progress of War, there is an ever in- 
creasing demand on steel production in India. 
The steel manufacturing industries of this country are 
working to their maxiiiiuin capacity. It is imperative 
that other materials be substituted for steel wherever 
practicable. In fact (irady Mission realised this point 
and recommended that efforts should be made to 
replace steel with cast iron, if possible. Unfortu- 
nately this very important recommendation of the 
Grady Mission has not been taken up to any consi- 
derable degree in this country. The main depart- 
ments, which could have worked it out in practice, 
have been the Railways and the Supply Deixirtnient 
of the Government of India. Roth in America and 
United Kingdom this has been done to a very large 
extent. It is at those places that practically all the 
latest develoimicnt in cast iron have been made. The 
reasons for India’s backwardness may be twofold. 

In the first place, people in charge of setting up 
of engineering and mechanical specifications in this 
country, have got some sort of a prejudice against 
cast iron. This prejudice has been Ixjrn out of an 
iini)roper appreciation of the great strides the manu- 
facture of cast iron has made during the last few 
years. In the second i)lace, very few people realise 
that all the.se special kinds of cast irons have already 
i)een manufactured in India and the proper technique 
has been mastered. The author has, himself manu- 
factured thousands of tons of articles in special cast 
iron at Jamshedpur Engineering & Machine Manufac- 
turing Co., Ltd., Tatanagar, Bihar. The aim of this 
short note is to give an idea of the various types of 
cast iron which have been made here. These special 
cast irons will be referred to as Iligh-Duty Cast 
Irons. 

There may be con.sidered two classes of High- 
Duty Cast Irons : (i) those having high strength pro- 
perties and (2) those having other special properties. 

High Strkngth Irons 

There have been three main reasons for the 
low-strengths of ordinary cast iron : (i) the large 
graphite flakes constituting planes of weakness which 
tend to join up into lines on the micrograph thus 
extending their weakening effect, (2) the hard brittle 
phosphide eutectic, which constitutes a source of 
weakness, and (3) the Duplex structure of ferrite and 
pearlite. 

The removal of these defects from cast iron has 
been accompanied by greater technicaL<»ntrol in the 


foundry and by the adoption of certain manufactur- 
ing techuitiucs. luiundry control in its simplest form 
can reduce the weakening effect of phosphide eutectic 
by selecting raw materials of lower phosphorus con- 
tent. Technical control of a higher order is needed 
to reduce the inherent disadvantage of the Duplex 
structure and to achieve an all-pearli tic structure. 
This is achieved by balancing the composition so that 
it will give an all-pearlitic iron in the section to be 
cast. 

To make a high-duty ca.st iron, both the matrix 
And the quantity and character of graphite have to be 
kept under control. The. matrix in most of highiilluty 
cast irons is kept fully pearlitic, but in certain appli- 
cation even higher strength can be obtained by 
making the matrix acicular dr pseudo-martenitic. 
All of these desired structures are brought almost 
by adopting a proper composition of the iron and 
with the help of alloys and by resorting to heat- 
treatment. 

The quantity of graphite and its character is con- 
trolled by adjusting the total carbon content of the 
metal and by treating the metal in different manners. 

As a result of the above mentioned processes, 
cast irons have been produced with a fair degree of 
.strength. Table I on the next page is a summary of 
B.S.S. 786-193S, which gives the various mechanical 
properties for four grades of cast iron. A range of 
standard bars is used with the object of matching the 
bar size with the section of the casting it represents. 

It is difficult to obtain cast irons with a tensile 
strength much over 25 to 28 tons per scj. in. in the 
ascast condition when pearlitic structures only arc 
employed. With the help of alloys and heat treat- 
ment acicular irons are produced. For such an iron 
the tensile strength for a bar of iH" section was 
found to be about 40 tons per sq. in. 

All the alx)ve mentioned high-strength cast irons, 
have l)een manufactured at the author’s firm for some 
time on a commercial scale. The maximum weight 
for a single casting which we have made up till now 
has been about 20 tons and it is the maximum we 
can do up-to-date. We have got Reverberatory and 
hearth furnaces, which enable us to control carbon, 
phosphorus and sulphur simultaneously and indivi- 
dually. The maximum tonnage of high-strength cast 
iron, which we have manufactured, has been for rolls 
for rolling steel for all the Steel Rolling Mills of 
India. We have made in addition heavy-duty lathes, 
boring machines, boring bars, slotting machines, 
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hammer-blocks etc., out of high strength cast iron. 
It has been found in practice that with the use of 
high-duty cast iron spindles and gears, it is possible 
to operate lathes, milling machines etc., at a much 
higher speed utilizing the remarkable properties of 
tungsten carbide cutting tools to their fullest ad- 
vantage on account of the vibration absorption pro- 


cast iron from the liquid* state, the material is depo- 
sited as austenite and normally changes at the criti- 
cal point to pearlitc which may be mixed with ferrite 
or carbide. The addition of certain alloys is capable, 
however, of suppressing this critical change so that 
the material is austenitic when cold. Such an iron is 
essentially stainless, showing a marked degree of re- 
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perties of grey iron. Apart from its tensile proper- 
ties, this iron, has excellent machinability, taking 
a beautiful finish even when extended to fine screw 
cutting on heavy sections. All high-duty irons lend 
themselves very readily for nearly all heat-treatment 
processes, an instance being the heat-treatment of 
high-duty grey iron gear-teeth. Pumps and com- 
pressor bodies originally made from cast steel are now 
made in high-duty cast iron. The material obtained 
is perfectly sound and can stand up to a pressure of 
even looo lbs. per sq. in. 

Spbciai. Irons 

This group consists of ; 

(i) Corrosion resisting irons e.g., austenitic and 
13-1 8 per cent silicon irons ; (2) Heat resisting irons 
and (3) Abrasion resisting irons €,g,, ordinary chilled 
cast irons and martensitic irons. 

Corrosion Resisting Irons : — Austenitic irons are 
the most important of this class. In the cooling of 


sistance to corrosion and the effects of heat. It 
possesses medium tensile strength of 13-17 tons per 
sq. in., has increased ductility and higher impact 
value compared with normal grey iron. The hard- 
ness is of the order of 140 to 160 Brinnel or higher. 
It is non-magnetic, has higher electrical resistance, 
higher thermal expansion and lower thermal con- 
ductivity than ordinary grey iron. Table II 
shows the results of corrosion tests carried out on an 
austenitic cast iron, on an ordinary cast iron and on 
phospher bronze. It will be seen that the resistance 
of austenitic cast iron is in many corrosive media 
commensurate with and in some actually superior to 
that of phospher bronze, whilst in nearly every case 
it is many times that of ordinary cast iron. 

The work hardening properties of the austenitic 
cast irons also render them extremely resistant to 
abrasion and erosion. This resistance to combined 
corrosion and erosion is of especial value in pumping 
machinery or chemical plant which involve the 
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TABLE n 


Corrosive Medium 

Austenitic 
Cast iron 

Cast iron 

Phosphef 

Bronze 

Acetic Acid 33% 

170 

840 

18-6 

Boracic Acid 10% 

7-7 

67-4 

4-6 

Citric Acid 5% 

9-3 

1492 

4-6 

Formic Acid .. 

.. 13-9 

138 

13-9 

Hydrochloric Acid 1% 

32-5 

1007 

41-8 

» „ 5% 

54-2 

3360 

57-3 

M M 20% 

Nitnc Acid 1% 

620 

11180 

60-5 

620 

697 

2446 

.. » 5% 

4060 

4680 

12420 

» 20% 

7830 

10092 

D.»«ulveil 

Oxalic Acid 5% 

6-2 

55-8 

12-4 

Phosphoric Acid 50% 

26-4 

4650 

7-7 

Snlphnric Acid 1% .. 

26-4 

1642 

18-6 

M » 5% .. 

37-2 

6880 

37-2 

.1 1 , 20% .. 

41*8 

13720 

38-8 

Sulphurous Acid 

240 

1032 

9-3 

Tartaric Acid 5% 

ro8 

1040 

10-8 

Vinegar 

4-6 

104 

4-6 

Acetone 

1-5 

4*6 

1-5 

Aluminium Sulphate 5% 

200 

96*0 

10-8 

Ammonium Chloride 5% 

10-8 

35*6 

57*4 

„ Nitrate 5% 

51-2 

163 

57-4 

„ Sulphate 10% 

9*3 

32-6 

13-9 

„ Sulphate +5% 

Sulphuric Acid 

26-3 

11160 

21-7 

Carbon Tatrachloride 

1394 

8030 

543 

Ferric Cliloride 5% .. 

667 

1038 

347 

Fuel Oil 

1-5 

1-5 

1*5 

Hydrogen-peroxide 20-V 

6-2 

9-3 

1-5 

Magnesium Chloride 10% 

7-7 

18-6 

6-2 

„ Sulphate 10% 

31 

14-0 

31 

Potassium Alum 10% 

15-5 1 

372 

20-2 

Sea Water 

6-2 

23-2 

6-2 

Sodium Chloride 3% .. 

7-7 

12-4 

3-1 

„ Hypochlorite 

223 

688 

80-6 

„ Sulphate 5% 

9-3 

7*7 

9*3 

„ Sulphite 10% 

31 

6-2 

1-5 

„ Sulphide 5% 

1-5 

1-5 

17-0 

N.ff. : Figures represent^ the loss in mgms. 
decimeter per day under static conditions at 30°C 

. per sq. 



handling of water containing sand or other solids in 
suspension. 

As already stated above the austenitic cast irons 
show marked superiority to ordinary cast irons when 
exposed to elevated temperatures and partiailarly to 
conditions of heating and cooling such as would be 
conducive to growth in ordinary cast iron. The in- 
cidence of growth is chiefly to be attributed to the 
expansion and contraction which occur at the critical 
temperature (750®C) in ordinary cast iron. Since 
austenitic cast irons do not undergo any change of 
state or volume at such temperatures they are practi- 
cally immune from growth. As heat resisting mate- 
rialSi austenitic cast irons are finding many applica- 
tions, particularly in the chemical industry and in 
furnace construction. 

In addition to the austenitic irons, cast irons 
with silicon content of the order of 13 to i8 per cent 
have extremely good acid resisting properties. They 
are, however, very brittle, unmachinable, except by 
grinding and are rather difficult to manufacture. The 
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author has made both the above named corrosion re- 
sisting irons at JEMCO; 

Heat Resisting Irons , — ^In addition to austenitic 
irons there are other types of cast irons, which have 
considerable heat resistance. They arc (i) High- 
silicon irons, (2) High-chromium irons and (3) High- 
aluminium irons. 

Irons with the silicon contents of the order of 
5 per cent to 6 per cent have a good amount of heat 
resistance. The silicon raises the critical point, thus 
increasing tlie range of temperatures which may 
safely be used and the silico-ferrite has considerable 
resistance to scaling. They can be used at tempera- 
tures upto Qoo^C with good resistance to scaling and 
growth. They are, however, extremely brittle. 
The austenitic irons are much better in this respect 
and may be used upto temperatures approaching 
their melting point. 

Irons containing fairly high percentages of 
chromium have been developed in recent years. They 
have very good heat resisting and also corrosion re- 
sisting properties. Their structure consists of chronio- 
ferrous ferrite ctmtaining chromium carbide. Their 
mechanical properties vary considerably with their 
total carbon content, with rather high carbon they 
are extremely diflicult to machine and rather brittle, 
but with lower carbon content they become better 
from these points of view, though more difficult to 
cast. The author has made a few needle-heat ex- 
change elements in some types of chromium cast iron 
with fair results. 

An Alumiiiium-Cliromium cast iron (patented in 
England under the name of "Cralfer**) embodies the 
excellent scale and growth resisting proi)erties of the 
high silicon irons without the brittleness which 
accompanies that type of material. It is certainly 
somewhat more brittle than grey cast iron in the cold, 
though the impact value is good, but it is remarkably 
strong at elevated temperatures. As it was a pro- 
prietory material, we have not made it, as yet, at 
JEMCO. 

Abrasion Resisting froti 5. —Abrasion resisting 
castings are a speciality of this foundry. Ours is the 
only foundary in Asia, excepting Japan but including 
Soviet Russia which makes Chilled Cast Iron its 
speciality. 

The properties of white or chilled cast ifons, 
which make them valuable for engineering purposes, 
are high hardness coupled with high compressive 
strength, resulting in a combination which is very 
resistant to wear under high intensities of pressure. 
The application of chilled iron is very diversified. 
Resistance to wear and deformation under high in- 
tensities of pressure are its outstanding properties. 
The compressive strength of unalloyed chilled iron is 
in excess of 200,000 lbs. per sq. in. and the hardness 
over 60 scloroscope. The largest tonnage of any 
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single item manufactured from chilled iron is rail- 
road car wheels ; over 2,000,000 wheels have been 
produced only in the U. S. A. annually for the past 
ten years., representing a yearly tonnage of approxi- 
mately 750,000 tons. The next largest single item is 
in all probability chilled iron rolls for rough and 
finished rolling of metals and for crushing grain and 
ore. In addition to these a long list of items such 
as farm impleineiils, heavy-duty castings for coal 
crushing, grinding mill liners, grinding balls, cement 
grinding machinery, jaw crusher plates, .stamp-mill 
parts etc., are quite generally made of chilled iron. 
Frequently wearing plates in chutes handling abra- 
sive materials and liners in sludge pumps are likewise 
made of chilled iron. 

In this country as in United Kingdom, chilled 
car wheels have not been given the treatment they 
deserve. British specifications are hike worm towards 
them and so have been the Indian specifications. As 
a result we find very few chilled cast iron wheels 
on the Indian Railway. In the States and Canada, 
“Chilled Car Wheels Industry*’ is a major one. In 
those two countries alone, there are 16,000,000 
chilled wheels in service, weighing some 5% million 
tons. 

The leclinical advantages of chilled iron wheels 
are (1) they liavc an exceptionally high co-efiicient of 
friction between the wheel and the brake-shoe ; 
(2) the life of the brake-shoe 011 chilled iron tread is 
an extremely prolonged one, as compared with the 
results obtained when operating on other metals ; 
(5) the abrasion between the flange of such wheel 
and the steel rail is less than between the steel and 
steel. This brings about an appreciable reduction in 
both trains resistance and the wear of the rail and 
the flange ; (4) the bearing value is unexcelled, hence 
the heaviest load can be carried without the least in- 
dication of cold rolling or flowing of metal at the sur- 
face of the treat and (5) rotundity is retained on 
account of absence of ductility. 

The average life of a chilled wheel may be taken 
at approximately 600,000 ton miles. There is con- 
siderable economy in using chilled car wheels as 
against steel wheels. Chilled wheels are cheaper be- 
cause, the material is cheaper, there is less capital 
investment in wheel and shop machinery and a com- 
plete elimination of machining except for the central 
hole in the soft iron of the hub, and there is low 
first cost on account of the exchange factor by which 
the worn out wheels arc exchanged for an equal 
tonnage of new wheels. The factor of safety against 
train derailment is as great, if not greater, as in other 
types of wheels under similar operating conditions. 
Half-a-century of strenupus service in U. S. A. has 
placed the chilled wheels on a very secure founda- 
tion and there is now a guarantee for uniform service 
with car wheels. 
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We have recently started the manufacture of 
chilled car wheels and so far as their physical pro- 
ix^rties arc concerned, we got -excellent results. The 
demands for those wheels are at present extremely 
meagre. It is however, believed that as the Railway 
Engineers know more about the capacity and the 
capability of chilled wheel- and about their manufac- ‘ 
ture in India, demand for them will grow and their 
cost consequently brought down. 

The manufacture of chilled iron rolls is an 
extremely difflcult and specialised operation. In fact 
it is the most difficult manufacture which any foundry 
may do. We are specialising in this most difficult 
'iianufacture. We are manufacturing rolls for all the 
it)lling mills of India, whether they be rolling steel, 
brass, cox>per, aluminium, zinc or bullion. We make 
rolls to meet every character of service, rolling both 
hard and soft metals into any kind of section, lolls 
for the rubber factory, calender rolls for the paper 
and textile mills, grain crushing rolls and rolls for 
the sugar mills. 

The above rolls are made either in pearlitic grey 
iron or pearlitic white iron. It is not possible in these 
irons to secure a chill surface hardness much greater 
than above 500 Hrinnel. With the addition of special 
alloys in well balanced proportions, a hardness of 
over 750 Brinnel is obtained on the chilled .surface 
with an ecpiivalent core-strength from 20 to 160 per 
cent greater than that of the plain carbon iron. 

Plain chilled iron consists of a sponge-like frame- 
work composed of iron carbide or cemeiitite filled 
with a matrix of ixjarlitc. The pearlitic matrix occu- 
pies more than one-half of the volume of the chilled 
zone and the efTcct of the increasing amount of alloys 
(balanced with respect to the composition of the base 
iron and section of the casting) in moving this matrix 
into the sorbitic, troostitic and martensitic conditions, 
is believed to be largely rc.sponsiblc for the increased 
hardness of the chilled surfaces. We make the above 
kind of alloy rolls for such conditions of service as 
demand— super fine finish on the rolled material e.g. 
wire industry and hoop industry. The fully hardened 
alloyed chilled iron possesses a marked resistance to 
corrosion compared to plain iron, thus adding service 
life to casting wffiich frequently suffer as much from 
corrosion as from wear, particularly in mines and 
chemical operations. 

We have the technical experience and equipment 
for making cast irons of the above categories ; we 
are further prepared to consider any enquiry regard- 
ing the manufacture of articles in cast iron (or non- 
ferrous metals) of any particular specification. It has 
been our privilege to do service of no mean character 
in connection with our victory and we hope and trust 
that our contribution towards the post-war national 
reconstruction will be equally great if not still greater. 
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PREVENTION OF COLDS 

A NEW sulpha cirus that brings prompt relief in 
colds and seems to shorten their duration, and the 
prevention of ear and sinus infections after a cold 
by a different sulpha drug used as a nose and throat 
spray are reported in a recent issue of Science News 
IMter, 

The new sulpha drug is desoxycphedroniuni sul- 
phathiazolc and is made by combining sodium sulpha- 
thiazole with an ephedrine compound of the type 
used to shrink the swoollcn nasal membranes during 
a cold. It is announced by Dr Frederick Myles Turn- 
bull, Dr William F. Hamilton, Hli Simon and Melvin 
!•'. George, Jr., of the Lockheed Aircraft Corporation 
Research Laboratory at Burbank, Calif. 

The prevention of ear infection, sinusitis, sore 
throat, laryngitis and coughs following colds by the 
suii)hadiazine spray originally developed to fight in- 
fection in severe burns is reported by Dr David A. 
Dolowitz, Dr Walter K. Loch, Dr Henry L. Haines, 
Dr Arthur T. W^ard, Jr., and Dr Kenneth L. Pickrell, 
from the Johns ITopkiiis Hospital, Baltimore. 

The number of nose and throat complications of 
the common cold are steadily decreasing, the Hopkins 
doctors point out because so many doctors and child 
specialists are giving sulpha drug pills for every 
acute infection of the nose and throat. 

One objection to giving large doses of sulpha- 
drugs by mouth for an infection in one part of the 
body is that almost a third of the patients develojj 
nausea, dizziness, fever, skin rash or more serious 
trouble as a result of the drug. They believe it liettcr 
to apply the sulpha drug directly to the infected nose 
and throat, just as sulpha drugs are applied directly 
on wounds and burns to fight infections of thenu 

Twenty-four-hour recoveries of patients with red, 
swollen throats and constitutional symptoms followed 
the use of the sulphadiazine spray in many cases when 
the sore throat was due to beta hemolytic strepto- 
coccus infection following a cold, the Hopkins doctors 
report. 

Other streptococcus germs and pneumonia germs 
do not disappear so quickly from the throat, but 
apparently lose their virulence or ability to become 
virulent, judging from the clinical symiitoins. It is 
these streptococcus and pneumonia germs and other 
bacteria which prolong a cold and cause lost time 
from work and the more serious complications. 


In a group of nurses who were given the spray 
as soon as they reported to the infirniafy with a cold, 
only 9‘7 per cent develoi)ed sinusitis, compared with 
30 per cent ill a control group not given the sulpha 
spray. The sprayed group develoiied coughs in 8 per 
cent and ear trouble in i’8 per cent but no laryngitis 
and no sore throats. In the control group, /\4 per cent 
developed coughs, 10 per cent sore throat, 2' 3 per cent 
laryngitis and 4 5 per cent car trouble. 

The nose and throat spraying was done eight to 
twelve times a day for three days, and five to eight 
times a day for two or three days more. 

The new sulpha drug announced by the Lockheed 
scientists was used on cotton as a nasal pack and 
also as nose drops and spray. Combining the ephe- 
drinc compound with the sulpha drug reinforces the 
effect of the ephedrine in shrinking the swollen 
nasal membranes. The sulpha drug gels farther into 
the nose and sinuses, and less of the ephedrine need 
be used. This has the advantage of avoiding the 
sneezing, sleeplessness, nervousness and heart palpi- 
tation which sometimes follow the use of ephedrine 
alone in nose drops. 

l^fore than r,ooo cases of nose, throat and ear 
infections have been treated with the new drug. In 
acute colds, it “resulted in rather prompt relief and 
the duration of the infection was apparently short- 
ened. This was also true in acute sinusitis with 
less tendency to become subacute or chronic**, the 
Lockheed scientists report. 

Many patients with chronic sinusitis were 
helped who otherwise would have had to have an 
operation. Acute ear trouble was a much less fre- 
quent comidication. 


THIAMIN SYNTHESIS IN MAN 

According to a report of Science N-'ws Jxlter, 
Dr Victor A. Najjar and Dr L. Einnictt Holt, Jr., 
of the John Hopkins University Department of 
Peclialri.es, have produced the first direct evidence 
for the biosynthesis of thiamin in man. 

For seven weeks four young men lived without 
sign of vitamin hunger disease on a diet completely 
lacking in thiamin. They were not getting the 
vitamin in pills or from any other outside source 
and they had been on low thiamin rations so long 
that little or none could have remained stored in 
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their bodies from previous supplies. A similar 
group of four young men on same diet regimen 
did develop signs of thiainin^deficiency, such as 
neuritis, swellings, loss of appetite and vomiting. 

Tests of the four who stayed healthy without 
any outside supply of the vitamin showed that they 
were excreting large amounts of free thiamin in 
their intestinal wastes. Further tests convinced the 
Hopkins scientists that these four thiamin-starved 
young men were getting enough thiamin to stay 
healtiiy from bacteria in their intestines. Intestinal 
Ixicteria have been known to produce thiamin for 
rats and ruminants, but so far the question of whether 
man’s intestinal bacteria could supply him with 
thiamin has been largely unanswered. Whether the 
intestinal bacteria could supply enough thiamin to 
keep a man healthy for an indefinite length of time 
has not yet been (letermiiiecl. 

Diet rules regarding thiamin requirements seem 
likely to be revised in the future as a result of these 


findings. A number of contradictory points may be 
explained, such as why beriberi from lack of thiamin 
develops much more frequently among rice eaters 
than among those who live largely on their milled 
grains. 

Sulpha drug treatment also is likely to be revised 
somewhat as a result of the discovery of the Hopkins 
scientists. Part of their search for the thiamin 
supply that was keeping the young volunteers 
healthy on a thiamin-starvation diet consisted in 
jiving them doses of succinyl-sulphathiazole every 
four liours for one week. 

At the end of the week, there was no more free 
thiamin in the intestinal wastes, evidence that the 
thiamin-producing bacteria were being destroyed or 
put out of production by the sulpha drug. This sug- 
gests tliat in the future when doctors give a sulpha 
drug for intestinal infection, such as dysentery, they 
will be giving thiamin pills to make up for the pro- 
duction loss in the body’s factory. 


POST-WAR HEALTH PROBLEMS IN INDIA* 


are living through stirring times and the 
medical profession is, in keeping with its tradi- 
tion, playing a full and not inconspicuous part in the 
great adventure in which the Allied nations are 
engaged. It is indeed difficult to keep one’s thoughts 
in any other channels than those which arc connected 
with the prosecution of the war and attainment of 
that complete and unconditional victory which, thank 
God, it is now possible to say is approaching the 
horizon, and of which, like that of the rising sun, 
the foreglow is now clearly disceniiblc and is the 
object of countless longing and speculative glances. 
After night comes day ; and after war comes peace 
which “hath her victories no less renowned than 
war”. It is towards winning of these victories that 
the attention of thoughtful persons among the 
United Nations, from their leaders down to the 
sailors, soldiers and airmen in the ranks, is being 
directed in an ever-increasing degree ; and never 
before has so large a proportion of humanity been 
so unanimously resolved that there shall be no 
return to the bad old pre-war systems, but that out of 
these years of struggle, effort and sacrifice shall 
emerge a better order of living for humanity as a 

♦Adapted from an address delivered bv Major-General 
J. B. irance, C.T.E., O.B.E., K.H.S.. LM-S., Director- 
General, Indian Medical Service, at the Founder’s Day cele- 
brations of the Lady Hardi.ige Medical College, New Delhi, 
on 17th March, 1044. 


whole and especially for the common man and the 
common woman. 

This urge to develop is no news in India. The 
speeches of our leaders, the press and the radio have 
seen to that. Recently in two broadcasts from 
Calcutta and from Delhi Professor A. V. Hill, Secre- 
tary of the Royal Society has made a very strong 
plea for Indian development and the organisation 
needed for the purpose. P’-ofessor Hill has placed 
the expansion of health in the very fore-front of his 
programme. 

Basic Rkquirkmknts 

Throughout the civilised world there is now com- 
plete agreement that health is a basic human right. 
The human being is not consulted before entering 
this world, and should not, in equity, be exposed to 
preventible handicaps. It is therefore a primary duty 
of every sovereign State to ensure that its citizens 
have at their disposal all the necessary ingredients of 
positive health. What are these ingredients? They 
are; — 

To every citizen: 

(i) ordinarily, 

(a) an ample and pure water-supply, 

(b) foodstuffs of necessary purity, 

(c) sanitary conservancy adapted to local 

needs. 
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{d) hygienic housing conditions, and 

(e) adequate protection from preventible 
disease ; and 
(2) when sick, 

(a) the necessary diagnostic, therapeutic and 
nursing care that his condition re- 
quires, should he desire to avail hitn- 
self of it. 

To every woman: 

(a) adequate care and advice when pregnant, 

(b) adequate obstetric assistance during labour 

with facilities for full institutional care 
(diagnostic, therapeutic and nursing) for 
such cases as reciuirc it, and 

(c) adequate qualified care of mother and 

infant during the lying-in-period. 


DiFFKRKNT lU^KMKNTS IN TIIR vSCHEMK 

In designing a project, the experience of similar 
organisations elsewhere provide one, and probably 
the most reliable, index of its needs. The figures 
quoted (Table T) are based upon Western countries, 
and may not be an accurate estimate of India’s needs. 
These can only finally be estimated by India herself 
in the light of experience. But the present figures 
do form an indication of the size of the task. 

I/Ct us now, subject to that proviso, first con- 
sider the different elements in the scheme. 

Doctors . — It is estimated that positive health can- 
not be assured to a nation unless and until they 
have a minimum of i doctor U) every 1,500 of popu- 
lation. In the United Kingdom there* is i doctor to 
every 1000 of population -in India we have i to every 


TABLE I 


Rkquirkmknts in pkrsonnrl to bkinc India into i.ink with mookkn trknus 


Personnel 

Available 

now 

Proportion to population and to area j 

1 

Required 

. ... 

1 Basis 

1 

Doctors ... 

40,000 

1 to 10,000 

(U. K. 1 to 1,000) 

1 to 40 sep m. 

300,000 

on basis of 1 to 1500 

Nurses ... ... 

7,000 

1 to 56,000 
(U. K. 1 to 300) 

1 to 226 sq. tn. 

778,000 

on basis of 1 to 500 

Health Visitors 

1.000 

1 .to 350,000 

1 to 1,582 sq. tn. 

70,000 

on t)asis of 1 to 5000 

Midwives 

5,000 

1 to 70,000 

1 to 316 sq. 111 . 

90,000 

on basis of 1 to 4000 (or per 
100 births) 

Qualified Pharmacists 

75 i 

1 to 4,000,000 
(U. K. 1 to 1,300, 

U. S. A. 1 to 1,100) 

1 to 20,000 sq. 111 . 

100,000 

oil basis of dr)ctor to pharma- 
cist — 3 to 1 as in U. K. 

Qualified Dentists 

1,000 

1 to 350,000 
(U. K. 1 to 2,700, 

U. S. A. 1 to 2,200) 

1 to 1,582 sq. m. 

120,000 

on luisis of 1 to 3000 

1 


N.B. : The above figures are approximations and not exact e.<«ti mates. 


To every child: 

(a) continuous medical observation (and, 
where necessary, treatment) during— 
(t) infancy, (ft) toddlcrhood, and 
(m) school life. 

To provide the India of the future with these 
ingredients is therefore our goal, and the task to 
which we should set ourselves. 

As to the magnitude of the task, it should be 
remembered that positive health can only be secured 
by constant, unremitting and coordinated human 
endeavour. The agents of this struggle are doctors, 
nurses, health-visitors, midwives, pharmacists and 
dentists, to mention only a few. 

6 


10,000. There are 40,000 medical practitioners re- 
gistered in India to-day. To assure positive health 
to this sub-continent 500,000 are required. 

Nurses. — ^Turning now to nurses, the minimum 
provision necessary to ensure pasitive health is i 
nurse to every 500 of population. In the United 
Kingdom there is i trained nurse to every 300 of 
|)opulation — in India we have 1 to every 56,000. 
There are 7,000 trained nurses registered in this 
country and to ensure positive health to the people 
7,78,000 trained nurses are needed. 

Health Visitors . — It is estimated that one health 
visitor is required for every 5,000 of population. In 
India today there is i health visitor to every 350,000. 
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There are approximately i ,000 trained health 
visitors in the country and 70,000 are required. 

Midwives . — It is considered that to ensure posi- 
tive health there should be one trained midwife per 

4.000 of population, which works out at i trained 
midwife per 100 births. Tn India there is one trained 
midwife per 70,000 of i)opu1ation. There are approxi- 
mately 5,000 trained mid wives in the country and 

90.000 are required. 

Pharmacists . — It is reckoned that for efficient 
health services 1 pharmacist for every 3 doctors is 
required. In. the U. K. there is i to every 1,300 of 
population and in the U. S. A. i to every i,too. In 
India there is r trained pharmacist to every 4,000,000 
of population. 100,000 such pharmacists arc required 
and there are* in India 75. 

I) enlists . — For every 3,000 of population there 
should be one (lualified dental surgeon. In the U. K. 
the proportion is i to 2,700 and in U. S. A. i to 2.200. 
In India it is i to 350,000. There are in the country 
approximately t,ooo ciualified dental surgeons and 

120.000 are required. 

Criticism ok tiik Sciikmr 

This then is the task which lies before India in 
her post-war development in matters of health. It 
is only a part of the effort which she must make if 
she is to keep abreast of the progress and develop- 
ment of the world in general and the United Nations 
in particular. I,cst it should be thought that the goal 
is Utopian and the task of achieving it in any measur- 
able period of time impossible, it may be pointed out 
that a very similar measure of progress in health pro- 
vi.sion has, in fact, been achieved in Russia in the 
space of 20 years, starting from conditions which 
were in all essentials similar to those obtaining in 
India to-day but without comparable advantages of 
communications such as this country possesses. 

There are those who say that progress of this 
kind has only been possible by the practical applica- 
tion of the Marxian political philosophy. Such is not 
the case. Russia and the Marxian philosophy came 
to the parting of ways quite early in the execution of 
the industrial plans. The driving force behind the 
progress in Russia is not any political philosophy but 
the united and indomitable will of a whole people to 
place their country on the map of modern civilised 
progress. 

It may also be argued that such progress could 
not have been achieved without drastic restrictions on 
the liberty of the subject. This may, in part, be 
true ; but the “greatest good of the greatest number*’ 
is as much a democratic principle as is the “liberty 
of the subject”, and that what is required is not a 
clash between these two principles but their synthesis. 


Other sceptics will say that the goal envisaged is 
admirable, but where is the money to come from? 
We have the authority of men like Professor Keynes 
and Professor Hill that money is “the servant and 
not the master of policy”. Moreover, we have had 
for the past 4 years an irrefutable demonstration of 
this principle which has cost us dear in blood and 
sweat and toil and tears. Calculated in terms of 
money and in comi)arison with the wealth of the 
Western democracies, the resources of Germany were 
almost negligible, yet this has not prevented her 
placing in the field and maintaining for 4 J 4 years the 
most highly organised, formidable and destructive 
fighting force the world has ever seen. If money liad 
governed the .prosecution of war this conflict would 
have ceased long ago ; but the driving force behind 
the prosecution of war is human energy and human 
productivity, of which money is only one convenient 
symlwl. Exactly the same driving force has been 
behind the Russian progress in matters of health, and 
must be the motive power behind similar progress in 
this country and in the post-war world as a whole. 
Unless humanity devotes the same creative energy 
and ingenuity to problems of construction that it has 
hitherto shown in destructive activities, nothing lies 
before the human species but a gradual process of 
mutual and highly organised scientific destruction. 

Part of Mrdical Woman 

I^et us now consider for a moment the share of 
the medical woman in the task. 

Judging from the views I have heard expressed 
at interviews by young medical women who are candi- 
dates for admission to the various medical services, 
it is the ambition of the majority to devote themselves 
to the actual relief of disease among w'onien and 
children. vSuch an ambition is natural enough for 
there is, God knows, enough dumb tnisery and suffer- 
ing among the women of India fully to occupy the 
energies and devotion of every medical w'oman in this 
country for iiianv years to come. It is also an ambi- 
tion with which I personally have very great sym- 
pathy, for gynaecology was my own first love ; and 
in spite of the fact that force of circumstances had 
turned me into a “jack of all trades” with a bias to 
surgery, I justified the French proverb by as many 
and deliberate returns to gynaecology as circumstances 
l>ermitted. Nevertheless I venture to doubt whether 
this admirable and comprehensible ambition of the 
majority of women doctors is the only, or indeed 
the best, contribution that they can make to the 
task we have considered. 

# The .scriptures tell us that “There is more joy in 
heaven over one sinner that repenteth than over 
ninety and nine righteous persons that need no re- 
pentance.” The medical profession, I think, have 
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this at least in common with the Saints in heaven 
there is apt to be more satisfaction over one critical 
case, adequately treated, than over ninety and nine 
healthy human beings who stand in no need of treat- 
ment. While the attitude of the Saints in heaven 
towards the human soul may be, and probably is, 
morally excellent, I venture to suggest that the appli- 
cation of this outlook to the human body by our 
profession, though comprehensible, is medically very 
exceptionable. We have seen that positive health is 
only to be secured by constant, unremitting and co- 
ordinated human endeavour and from this aspect the 
positive health of the ninety and nine should give 
us 99 times the satisfaction that we derive from the 
one successful case. At the risk of being platitudi- 
nous, I would remind you of the proverb that “pre- 
vention is better than cure”. It is also very much 
cheaper. 

A skilfully conducted abnormal labour which 
preserves both mother and child, or a difficult col- 
f)operincorrhaphy is a most satisfying achievement ; 
but surely the decline in abnormal labours due to 
efficient ante-natal work and the decrease in repair 
operations due to the proper superintendence of 
labour and the puerperium is vastly more satisfactory 
from the point of view of the community, if less 
clinically interesting to the individual doctor. 

One would therefore plead with both teachers and 
students to give to the preventive aspect of their work 
the predominant importance that is its due. This 
must be our constant preoccupation if our goal is to 
be reached ^vitliin any measurable period of time. It 
is, moreover, possible without the slightest diminu- 
tion of that practical clinical sympathy and interest 
which is the distinguishing mark of our profession. 

The held open to the medical women for service 
to the community in general and to women and 
children in particular, is both vast in scope and pathe- 
tically inadequate in provision. Although when one 
looks back at the expansion which has taken place 
since the first medical women came to India from 
the United States in 1869 the retrospect is one of 
great and honourable achievement, medical women 
will be the first to concede that little more than the 
surface of the problem has been scratched. The 
following, among others, are the channels open to 
medical women in this country: — 

(t) The All-India and Provincial Women’s 
Medical Services. 

(2) Appointments in hospitals, general and 

special. 

(3) Private practice— urban and rural. 

(4) The military medical services. 

(5) Public Health work and Social Medicine. 


(6) Teaching institutions— medical education, 

both under-graduate and post-graduate. 

(7) Industrial medicine— the care of the health 

of women in industry. 

(8) Administrative posts. 

(9) Medical Research. 

Fikijxs of Activity 

Let me direct your attention briefly to only some 
of them taken at random : — 

The field of Public Health . — ^The fight against 
tuberculosis is as yet almost entirely in male hands, 
yet at least half the suiTerers from this disease •are 
women. Moreover, social customs which apply parti- 
cularly to women form one of the most potent factors 
in the spread of infection. Tuberculosis, again, is a 
disease in which the success of preventive work far 
exceeds anything that has been found possible on the 
curative side. Improvement in housing conditions 
and the examination and protection of contacts have 
done more to diminish the mortality from tubercu- 
losis than all the medical and surgical skill which 
has been directed to the treatment of the disease when 
contracted. 

It has been estimated that there should be one 
tuberculosis clinic for every 50,000 of population, 
i.e., 8,000 tuberculosis clinics in this country. This 
postulates 8,000 medical women engaged predomi- 
nantly on the prevention of this disease. 

Half a million beds arc required for the treat- 
ment of tuberculosis sufferers in India. Of this a 
quarter of a million will be women, and a^uming 
that I medical woman can give efficient supervision 
to 100 patients 2,500 medical women are required for 
the efficient treatment of the disease when contracted. 

Tuberculosis work alone, therefore, calls for 
10,500 medical women to be produced during the 
next, say, 50 years. 

It is estimated that there are in India to-day two 
to two and a half million blind persons. It is not un- 
reasonable to assume that half of this number are 
women and it is incontestibly true that the majority 
of the conditions leading to blindne.ss are contracted 
during childhood in the home. Yet the prevention 
and treatment of eye diseases, in this country is, so 
far, almost entirely a male preserve. There is, there- 
fore, a vast field open to the woman ophthalmologist. 

Tuberculosis and blindness are both conditions 
which may be said to be contracted in the home. 
Moreover, it is the women and children who have to 
live in the home ; yet how many housing improve- 
ment schemes have associated with them a medical 
woman? 
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Industrial Medicine,— There is high authority for 
the belief that India stands on the threshold of a vast 
industrial expansion. Women are even now exten- 
sively employed in industry, and the scale of their 
employment must of necessity greatly increase in the 
near future, carrying with it the need for a large 
increase in the pitifully inadequate provision for in- 
dustrial medicine generally and for the care of women 
in industry in particular. 

Social Medicine. -It is a new name for an old 
need. In too many cases is tlie patient in hospital 
regarded as a problem in symptoms and physical 
signs the solution of which involves the use of a 
drug or the knife, and a shorter or longer period of 
recovery ; and the ultimate discharge from hospital 
is regarded as the end of that particular problem. 
Too often it is the cud of only one instalment of a 
tragic serial. The true solution of the problem de- 
mands a knowledge of the environment from which 
the patient came and that to which he or she will 
return ; and treatment can only be considered ad- 
equate when, in addition to the control of the imme- 
diate clinical condition, environmental circumstances 
which tend towards its repetition, or substitution by 
another clinical problem, have been similarly con- 
trolled. It may be said that this is the work of the 
Almoner. It is true that it constitutes tlie life work 
of that important part of any medical institution ; but 
it is predominantly the care and responsibilit> of the 
medical man or woman in charge of the individual 
case. Realisation of this fact has led to the esta- 
blisliment of a Chair of Social Medicine at Oxford 
University, the occupant of which is no less a per- 
sonage than the late Regius Professor of Medicine 
at Cambridge. Realisation is also likely to be re- 
flected in the training of the medical student who 
will be connected not only with the care of his patient 
while in hospital, but with the follow-up, in com- 


pany with the Almoner, of that patient’s progress 
after discharge. For many years to come, in the north 
of India at any rate, social medicine as applied to 
women and children, must inevitably fall into the 
sphere of medical women. 

The need for great development in India of medi- 
cal research and especially of clinical research is 
generally admitted. Not only in the special sphere 
of women and children, but throughout the vast re- 
search field golden (qiportunities of making real con- 
tributions to medical knowledge await the medical 
women : Nutrition, haematology, immunology, 

malaria, iilariasis arc only some of the aspects hold- 
ing special interest for workers among women, while 
the subject of pediatrics abounds in unsolved pro- 
blems of the child. 

The primary and most clamant need of the future 
is more teachers. Teachers to train clinicians, public 
health workers and research workers. Teachers who, 
themselves eminent scientists and practitioners, shall 
be in whole-time and adequately remunerated em- 
ployment, so that they may be free to give their 
entire attention to the teaching of the subjects en- 
trusted to them, untrammelled by tlie necessity of 
extra financial provision for their present and future. 
Perhaps it is not Utopian to look forward to the esta- 
blishment in this capital city of India, perhaps in 
this institution itself, of an “Indian Johns Hopkins’* 
designed primarily for the training of the teachers and 
research workers of the future, and accepting as 
candidates for entry only the cream of graduates in 
other sciences. If some such project' could be 
achieved, the enormous task of providing India with 
the instructors necessary to turn out the doctors of 
the future in the (juantities needed, while it could 
not be called fulfilled could al least be faced without 
despair. 
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LETTERS TO THE EDITOR 

[The editors arc not responsible for the views expressed in the letters.] 


CARBONISATION ASSAY OF BLENDED INDIAN COALS* 

Assam coal has been found to possess high 
caking property and has a low ash content. As such 
this coal has been blended with a low grade non- 
caking coal of high ash content and carbonised at 
7oo^C. The i/i blend yielded a strong coke. The 
Assam coal has the drawback in pos.sessing a high 
percentage of sulphur. This blending with a low 
sulphur coal has the additional advantage of lowering 
the sulphur content of the resultant coke. A few 
data are given below : 


(3) Specimen (C) from Chanch Colliery, Raniganj 
Field, (4) Specimen (D) from Chittidand Colliery, 
(5) Specimen (H) from I^amshiwall Mine, Makrewall 
Colliery and (6) Specimen (F) from Ledo 20 ft. seam, 
Assam. 

Thermal decomposition of these coal specimens 
at 350®, 400®, 450^, 500°, 600°, 700® and 8fX) C hai^ 
been tlien studied quantitatively. Distillations at 
350°, 400®, 450° and 5oo®C were done under vacuum. 
Futning sulphuric could not be used in these latter 


• 

specimen 

Proximate analysis data, raoistnre 
free basis 

Results of carbonisation of 1 :1 blend at 7(XFC. 

No. 

% of V.M. 


% of higher 
olefines 

%of 

CO,+H,S 

% of tar ' % i>f lic|uor 

% of coke 

% of total 
volatiles 

F 

C 

44-43 

29-56 

54 45 1 1-12 

61-92 j 8-52 

0-56 

2-67 

7-88 9-56 

66-7.'> 

35-25 

1 




Percentage of Sulphur 




Coal Specimen F. 

Coal Specimen C. 

Coke at 700°C. from 1». Coke at 700»C. from C. ' 

4-18 ■ 

0-34 

1-99 ! 

0’29 ^ 

1-22 



K. M. Chakravarty 
Amarkndka Nath lUsu 

Department of Chemistry, 

Dacca University, 

Dacca, io-T2-r943. 


analysis of some INDIAN COALS AND A STUDY OF 

THEIR THERBIAL DECOMPOSITION UNDER 
VACUUM. Pan I* 

Proximate and Ultimate Analysis of the follow*- 
ing specimens of coal has been carried out. (i) Spe- 
^‘imen (A) from Handidhua, Takhir Coal Field, 
(2) Specimen (B) from Rarer Kho, Korea State, 


exi>eriments for absorbing olefines. Concentrated 
sulphuric acid activated by traces of copper sulphate 
was found to absorb them readily with probably ex- 
ception of ethylene and acetylene. 

The yield of carbon monoxide was generally 
much higher in T:omparison with that of British coal. 
Thus with a typical British coal, the percentage of 
carbon monoxide was 6 by volume in the gaseous 
proiluct calculated on carbon dioxide, sulphuretted 
and higher olefine free basis, the distillation being 
done at 40o®C under vacuum’. Our liighest figure for 
carbon monoxide is 40% and the lowest 21% under 
similar circumstances. The initial decomposition 
temixirature was found to be in the neighbourhood of 
4oo®C and the critical point was in the region 
700'° — 8oo9C. 

Correlation between the analytical and the dis- 
tillation data has been sought. The distillation data 
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for 5oo°C under vacuum of the coal specimens are These specimens have also been distilled under 

given below together with their analytical data. vacuum at 350®, 400®, 450° and 5oo®C and the 


Specimen 

No. 


A 

B 

V.: 

D 

B 

F 


Data of Ullimate Analysis calculated on 
moisture t'lnd ash-free basis 


Distillation data for SOQPC (under vacuum) 


%ofC. 

%ofH, 

%ofN. 

%ofS 

■ 

%ofO, 

% of higher 
olefines 

%of 

% of tar 

%of 

liquor 

% of coal 
residue 

% of total 
volatiles 

74-69 

5-85 

1-65 

0-45 

17-23 

2-28 

3-23 

11-76 

10-37 

68-37 

31-63 

74-64 

5-72 

1-73 i 

i 0-51 

17*42 

1*63 

3-24 

5-91 

10-88 

75-30 

24-70 

77-23 

5-67 

2-04 i 

i 0-37 

14-62 

1*85 

1*87 

3*70 

8-54 

81-09 

18-91 

73-43 

6-36 

1-22 

, 3-35 

1563 

2*80 ! 

3*26 

11-14 

10-19 

70-13 

29-87 

73-69 

G-41 

Ml 

3-37 

15-43 

1*93 

3*54 

16-03 

8-81 

66-17 

33-83 

77-23 

5-93 

1-27 ! 

1 4-23 

11-24 

3*68 1 

404 

19-65 

6-02 

61-36 

38-64 


K. M. Ctiakravarty 
Amarendra Nath Hasu 

Department of Cheniislry, 

Dacca University, 

Dacca, 10-12-1943- 

* We take this opportunity of thanking Sir J. C. Ghosh, 
Prof. S. N. Bose and Prof. J. K. Cliowdhury for the intere.st 
they took in the above two iiivestigation.s. 

* Burgess and Whcclcr, four. L'licut. Soc., lOS, 136-38, iai4. 

ANALYSIS OF SOME INDIAN COALS AND A STUDY OF 
THEIR THERMAL DECOMPOSITION UNDER 
VACUUM. Part II* 

Proximate and Ultimate Analysis of the following 
specimens of coal has been carried out. (r) Coal from 
Ledo 20 ft. seam, Assam ; (2) Coal from 14A seam in 
the Jharia Field and {^) Coal from vSatpukuria seam, 
Raniganj Field. 


products estimated quantitatively. The Assam coal 
was taken from the same stock as in the previous in- 
vestigation. On comparison it was noticed that the 
ultimate analytical data were practically of the same 
order of magnitude but the distillation data were 
widely different generally. Since the interval between 
the two investigations was more than two years and 
the analytical data were not much at variance, this 
behaviour on divStillation is to be attributed to .some 
sort of internal chemical change going on at the room 
temperature within the coal. 

The carbon monoxide yield in the other two 
specimens was high. Thus at 40o®C the percentages 
of carbon monoxide were 14*7 and 33*1 respectively 
calculated on carbon dioxide, sulphuretted hydrogen 
and higher olefine free ba.sis. The distillation results 
for 400^ and 50o°C of the Assam coal referred to 
above arc given below along with the analytical data. 


Specimen 

No. 


( 1 ) 

Do. after 
storage 
for more 
than two 
years. 


Data of ultimate analysis calcnLited on 
moisture and ash-free basis 

Distillation data for 400° and 500°C (under vacuum) 

%ofC 


% of nJ 

%ofsi 

%ofO, 

%of 

higher 

olefines 

%of 

CO,+H,S 

% of tar 

liquor 

1 

% of coal 
residue 

%of 

total 

volatiles 

Temp. 

OC. 

77-23 

503 

1-27 i 

t-23 

11-24 

2-19 

1-66 

17-17 

4-70 

1 

70-74 

29*26 

400 



i 

I 1 



3-68 

4-04 

19-65 

6-02 

61-36 

38*64 

500 

78-04 

5-83 

M3 

4-47 

1 10-51 

1-1 

1-5 

12-8 

4-9 

78-0 

220 

400 





1 

2-0 

1 

2-7 

15-3 

10-6 

64-5 

35-5 

500 


Department of Chemistry, K. M. Chakra varty 

Dacca University, Sudhir Chandra Shomk 

Dacca, lo-i 2-1943. • 

• We take this opportunity of thanking Sir J. C. Ghosh, Prof. S. N. Bose and Prof. f. K. Chowdhurv for the interest 
they took in the investigation. 
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POLARISED FLUORESCENCES ON ACRIFLAVINE AND 
OTHER DYESTUFFS 

In continuation of our investis:atiou^ on the 
polarised fluorescence of organic and inorganic copi- 
pounds in solution, very recently, we investigated in 
detail the polarisation of the fluorescent radiation 
emitted by Acriflavine, Bengal rose, Pinaflavol and 
others in viscous solution at different temperatures 
and concentrations under the excitation of lights of 
various wavelengths. In all the cases we observed 
that the average life of the excited molecules, though 
it depends markedly on the concentration, was 
independent of the viscosity, temperature of the 
solutions and wavelength of the exciting radiation, as 
will be evident from the following tables. 


TABLE I. 

Average Life of Acriflavine in giycerine-waxek 



Excitation by A 4358A 

Excitation by A 3650A 

Viscosity 
in [loises 

concentra- 

tion 

C-3.10-S 

gtn/c.c. 

concentra- 

tion 

C-3.10-5 

gni/c.c. 

concentra- 

tion 

C-3.10-5 

gni/c.c. 

concentra- 

tion 

C=^ -8.10-5 
gm/c.c. 

1*65 

■611 

•367 

•185 

1-2.10 «.scr. 
11.10-* 
1-3.10 8 

11. 10-8 .. 

7 S. 10-9 sec. 

6- 9.10-9 „ 
71.10-9 

7- 4.10 9 „ 

1.10-8 sec. 
11. 10-8 „ 
1-2.10-8 .. 

(vS.lO-S sec. 

7.10-9 

7-7.10-9 


TABLE IT. 

.\vkka<;k life of Acriflavin at different temperatures 
liXCITKIi bV A 4358A. 



.Average life of the molecules 

Tenii)eratures 


C=-8.10-S 

C=ll.l0-5 

C=3.10-5 


gm/c.c. 

gm/c.c. 

gm/c.c. 

30OC 

13.10-9 sec. 

8.10 9 sec. 


40»C 

13.10-9 „ 

9 . 10-9 

6.10-9 SCO. 

60<>C 

13.10-9 

9 . 10-9 

6.10 9 „ 


Details will be published elsewhere in due course. 


K. Choudhury 
S. M. Mitra 

Physics Laboratory, 

Dacca University, 

Dacca, 27-T-1944. 

' Mitra, Ind, /. Physics, 13, 349, 1939. 


PRESERVATION OF CRUSTACEA AND PREPARATION 
OF FISH-FOOD WITH THEM 

Prrsrrvation of Crustacea (lobster, prawns and 
shrimps) in this country is not very popular and is 
done in a very crude form. Ordinary drying in sun 
or preservation with salt gives the preserved objects 
a very bad smell. The bad odour, however, can be 
avoided if the Crustaceans be put in the washing soda- 
solution* after thoroughly cleaning them with cold 
water. In the case of big variety, such as, lob.ster 
outer chitinous covers and gills should be removed 
before treatment. Strength of the washing soda sedu- 
tion should be boiling water i litre with washing 
soda-powder 3 oz. 

Method . — After dipping the Crustacea in the 
above solution for 5 minutes, put them in a solution 
of common salt (2 oz. to a litre of cold water) for a 
minute. Spread the treated material on a bamboo 
mat or on wooden tray for a fortnight for the pur- 
pose of sun-drying. When they arc thoroughly dry, 
keep them in glass-jars with tight cover. Avoid cork 
cover ; the glass covers are the best. After packing 
avoid leaving any empty space in the bottle. This 
will enable keeping the dried Crustacea for a good 
length of time and can be .sent to places where 
Crustacea are not available. 

It is now an admitted fact that for ordinary pur- 
poses artificial food is no good for freshwater fishery 
but one has to dci>end upon artificial food for 
aquarium fish or for “jcol-fish** {koi, singi or magur) 
during transport by boat to long distances. 

Crustacean fish-food can be prepared by powder- 
ing the dried Crustacea as stated abjove by a curry- 
stone and muller and then making pills with white of 
an egg or with alia or flour paste to the size of a pea. 
These pills can be given to "jeol-fish** during trans- 
port or to aciuarium fi.shes for rearing. 

We have experimented with these pills and have 
got very good results. 

Zoology Department, 

Calcutta University, II. K. Mookkkjre 

Calcutta, 5-2-1944. 


RETTING JUTE WITH CHEMICALS 

The biological process of retting (by which all 
the jute fibre of commerce is exclusively obtained 
from the plant) as practised in this country, is one 
over which the grower has very little control. On 
account of over- or under-retting, inferior fibre very 
often results even from good plants although the wise 
grower does his best to stop the process at the correct 
stage. It was considered worth while to investigate 
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the possibilities of chemical retting for obtaining a 
fibre of uniformly good quality. The results now des- 
cribed were obtained some time ago ; they are mainly 
of theoretical interest at present, but it is considered 
desirable to place them on record. 

Our knowledge regarding the natural process of 
retting is rather limited ; it is, however, believed that 
pectin in the middle lamella of the softer parenchyma, 
which holds the fibre bundles together, is decomposed 
(luring retting, and that the fibre strands are thereby 
loosened from one another. The wood and surround- 


by double decomposition. It was thought that water- 
soluble salts of s^ium, potassium or ammonium with 
any acid (organic or inorganic) whose calcium and 
n^gnesium salts are both insoluble or practically so, 
would be good retting agents. A fairly large number 
of salts have been tried for retting jute plants or bark 
(green or dried) and in every case the above hypothesis 
has been found to hold good. Thus sodium sulphite 
is a good retting agent, (both Ca and Mg sulphites 
are insoluble in water) but sodium sulphate is useless 
(calcium sulphate is sparingly soluble but MgS04 is 


Name of Salt used 


Solubility of corresponding salt in hot 
water (g. per 100 c.c.) 


Retting action 


Ammonium Oxalate 
Sodium Oxalate 
Oxalic Acid 

Sodium Fluoride 
Sodium Carbonate 


Sodium sulphite 
Sodium silicate 

Sodium Phosphate (NaaHPO^) 
Caustic Soda 

Sodium .sulphate 

Pot. iodate 

Am. molybdate 

Sodium oleate, palmitate, 

stearate (soap) 

Amm. acetate 

Amm. malouate 

Amm. Phosphate (NIDjIIPO* 
Am. citrate (Di) 

(NHJ,C.II.O„ H,0 .. .. 

Sexlium arsenate Na^AsO^, 
12H,0 

Sodium succinate (normal) .. 
Sodium phosphate (tri) 
Na,PO„ 12H,0 
Ammonium Carbonate .. 

Ammonium hydroxide .. 

Sodium malonate 
Sodium citrate (neutral) 

Sodium chloride 

Pot. Nitrate 

Sod. Pot. tartrate 
Sod. tetra borate (borax) 


Ca 

Mg 

OOOM 

0-08 


0-0017 

0 0087 (cold) 

0-0019 

0 0106 (cold) 

0 0011 

oa3 

0-0095 (cold) 

insol. 

0-02 (c-oldl 

0-2 

0077 

0 0009 (cold) 

01619 

73*8 

0-95 

33 

ill sol. 

sol. (cold & hot) 

iusol. 

insol. 

29-7 

66-4 

0-72 

sol. 

0-2 (cold) 

0-2 

21 

slightly sol. 

00048 

insol. 

0-89 

soluble 

0 002 (cold) 

0 0205 (cold) 

00019 

0 0106 (cold) 

0077 

0 0009 (cold) 

0-72 

sol. 

21 

slightly sol. 

59 

73 

102 (cold) 

200 (cold) 

00078 

sol. 

insol. 

sol. 


I^xcelleiit retting agent. 

Quite good. 

Useless at room temp.; attacks cellulose, 
jute powder is obtained at 70— 80®C. 

Quite a good retting agent at 70— 80^C. 

I'seless at room temp. Quite effective at 

7o-^(rc. 

(tood retting agent at 70 80°C. 

Tselcss at room temp, for 10 days. Quite 
good at 7O-«0°C. 

Quite effective. 

No good at room temp. Quite effective at 
70-80OC. 

.Vbsolutely no good. 

Do. ’ do. 

Absolutely useless. 

Quit*' good at 70-K0‘’C. 

Absolutely ineffective. 

P'seless. 

Moderately g»>*Hl, less effective than (cold) 
Na,HPb,. 

ICffective in alkaline soln. but not in acid 
soln. 

Moderately effective, in alkaline .soln. at 
70-80°C. 

Quite ineffective. 

Quite good. 

Practically useless, am. carbonate decom- 
poses. 

No good at room temp, and at 70— 80^C., 
NIIj c.scapcs. 

Worthless. 

Fairly good. 

Nothing at all. . 


Very slightly effective, perhaps due to 
NaOH set free. 


ing tissues can then be easily separated mechanically 
from the fibre. Now, the constitution of pectin is not 
yet definitely known but that it is a polymerised form 
of galactiironic acid, some of whose carboxyl groups 
are occupied by calcium and magnesium, is mure or 
less e.stablished. In chemical retting, the ])cctin has 
to be removed in the form of soluble salts, preferably 


highly soluble in water). Ordinarily, a one p.c. solu- 
tion of the salt at 70^ — 8o®C for 1 — 4 hours is suffi- 
cient for satisfactory retting. Some of the results 
obtained are given above. The efficiency of a retting 
agent was judged by the case with which the fibres 
could be separated from adhering tissues, after the 
treatment. 
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It may be noted that a one per cent ammonium 
oxalate solution was found to be quite a good retting 
agent at room temperature (30®C), the time rc(iuircd 
was five days ; ammonium phosphate (but not sodium 
silicate) was also fairly good at room temperature-” it 
required a week to ret the jute plant. 

The dry bast contains about 65 per cent of fibre 
and 35 per cent of non-fibrous material. The CO 2 — 
yield of the latter has been found to be about three 
times that of the fibre, indicating a correspondingly 
higher pectin content. It is estimated that the non- 
fibrous matter contains about 3.S per cent of pectin. 
This result conforms with the idea that pectin is the 
material which cements together the tissues surround- 
ing the fibre strands. The removal of this pectin by 
bacterial action in retting, or by double decomposi- 
tion with certain salts in the manner already indicated, 
breaks down the tissues in which the fibre strands 
arc embedded and makes possible the separation of the 
fibre by the well-known process of stripping and 
washing. 

H. ClIArfRRJEK 
C. R. NonnER 
P. H. Sarkar 

Technological Research Laboratories, 

Indian Central Jute Committee, 

Regent Park, Tollygunge, 

Calcutta, 7-2-1944* 


ATMOSPHERIC VORTEX STREET 

Onk of the obvious difficulties of weather fore- 
casting in India is that, owing to intense heating, the 
dry air is mostly lighter than moist air. Conse- 
<iuently, there is always a tendency for stabilisation 
of nioi.st air. 

For the last fifteen years, attempts have been 
made to devise a method of forecasting which would 
he equally applicable to daily and seasonal fore- 
casting. The hypothesis, which has been found most 
useful in this connection, is that the atmo.sphcre 
consists of vortex streets.* The vortex streets 111 the 
laboratory are known to diffuse ciuickly and are 
alleged to be of no practical use. Nevertheless, a 
geometrical method of forecasting by streets and 
fields has been developed. It is found to be pecu- 
liarly suited to Indian conditions. 

It is said that an atmospheric vortex is a simple 
vortex with a forced vortex core. A study of the 
distribution of wind velocities in large horizontal 
sections, however, shows that the structure of the 
atmosphere is that of a series of more or less parallel 
vortex streets, some from an easterly direction whilst 
others are from a westerly direction. The diagram 
which shows the easterly and westerly streets, 


is from an unpublished atlas of normal atmospheric 
streets ^loft in relation to the usual surface climato- 
logical data. ® 

The diagram shows that an atmospheric vortex 
street consists of an infinite line of rectilinear vortices, 
each of which has a circular core of finite cross 
section, rotating like a solid cylinder. This is the 
“core cylinder** and no air from outside can enter this 
solid rotation. Its disintegration, however, may, in 
suitable circumstances, give ri.se to very high winds. 

A row of cyclonic vortices is to be found on the 
northern side of a westerly and to the southern side 
of an easterly street. A row of anticyclonic vortices, 
on the other hand, is situated on the southern side 
of a westerly and northern side of an easterly 
street. 

The wave length of a street is the distance 
between any two consecutive cyclonic or anticyclonic 
vortices. On the average, it increases with height up 
to 3 — 4 km. level in the generative field. The average 
wave length is of the order of 2,000 km. and the 
spacing ratio of the street about 0 5, measured on 
ordinary weather maps. 

It is interesting to note that when two streets 
from the same direction lie side by side, they become 
l>oinid gradually, though loosely, by developing 
common vortices. For example, the monsoon is not 
established until i;, and U4 combine by having a 
common anticyclonic vortex. The vortex, say Hio 
of IL, therefore, progressively grows while the vortex 
II3 of Uj disintegrates in the pre-monsoon period. 
These streets are called composite streets. 

The diagram shows that it is the relative motion 
and pressure between an easterly and a westerly street 
that gives rise lo the deformation fields. According 
to the location of a westerly .street to the north on 
south of an easterly street, two types of fields are 
usually in evidence, viz., the A family fields and the 
B family fields respectively. The large deformation 
fields, no doubt, arise from the relative motion of 
composite streets or bclweeii unit streets of large 
wavelengths. 

It is evident from the diagram that the anti- 
cyclonic lobes of the field A contain two anti- 
cyclonic vortices each and the cyclonic lobes of the 
field B, two cyclonic vortices each. The diagram 
also illustrates how the relative motion of the streets 
would give rise to circumscribed areas, cyclonic 
(Lj^NtLoNb) or anticyclonic (ILKaHoNi), as also the 
various states in which the fields can be. 

In the presence of a spiiiless air ma.ss, the sym- 
bolic representation of the vorticity of a field is the 
“double vortices** in a lobe. The field A is, as a rule, 
of anticyclonic vorticity and the field B, of cyclonic 
vorticity. Kxi)erience shows that anticyclogcnesis in 
the field A is followed by cyclogenesis in the field B 
and vice versa. 
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In the diagram, the dilatation axes are shown in 
full lines and the compression axes in broken lines. 
It is interesting to obs^ve that in the actual daily 
weather charts, an acute angle between the compres- 
sion and dilatation axes holds, as a rule, the double 
anticyclonic vortices of the field A and the double 
cyclonic vortices of the field B. The approximate 
parallelism between the compression axes of one 
family and the dilatation axes of the other is obvious 
when a vortex is about to move. 

In the Indian region, feeble pressure gradients 
are met with in the so-called seasonal trouglis at the 


is apparently affected by temperature variations which 
may account for the diurnal variation in the intensity 
of free vortices. It is mo.stly in this expanded portion 
that the initial growth of free convection, upwards in 
•yclogenesis or downwards in anti cyclogencsis, is to 
6 e sought. In this connection, it has to be remem- 
hered that each street, when pressed, develops its own 
humidity wave which has a dry and a wet phase. 
The wet pha.se is often marked in a composite or 
“transitional* ’ during the monsoon street. 

An expanded vortex behaves like a cylinder with 
circulation round it. When placed in a cyclic field 



Fig. I. The Atmospheric Vortex Streets— Birth of Deformation Fields. 


surface and also aloft between 4 — 6 km. levels in 
certain latitudes e.g., the central parts of the country. 
These arc the regions where a spinless air mass 
(straight stream lines) is available. It is obvious, 
therefore, that if a circumscribed area finds itself in 
this medium, circulation round a small part of the 
two long core-cylinders will ensure and vorticity will 
be slied. This is the generative field. A westerly 
and an easterly street will thus become “locked** and 
their relative motion will cca.se. The area L14N7L.JN6 
becomes a cyclonic cyclic field and the area 
HaNsHtNi becomes an anti-cyclonic cyclic field. The 
cyclic field, therefore, is the natural forecasting unit. 

The locking or lelt^ng process (which lias its 
own peculiarities) gives rise to an expanded vortex. It 


this cylinder experiences a “thrust** directed from the 
weak to the strong winds round the cylinder. This 
pressure is of the same nature as the well known 
“lift** in aeroplanes. 

It is an interesting fact that the field A persists 
above the 5 km. level over the Indian region, even 
during the monsoon. The motion of the neutral 
point of this field simulates the motion of the sun. 
In the case of cyclones, the anticyclonic lolje of 
equatorial air of this field aloft may provide the 
external force or “drive** which acts through the axis 
of the core-cylinder. Remembering the parallelism 
between compression and dilatation of the A and B 
family fields, it at once becomes apparent that a 
vortex can^move as one entity only when the “thrust** 
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is perpendicular to the “drive**. The case of “re- 
curving** cyclones has also been studied. 

The details will be published elsewhere. 

Meteorological Office, 

Clifton, Karachi Sadar, S. N. Skn 

Dated 14-2-1944. 

' Sen, S. X., SciKNCK and Cultukk, P, 90, 1943. 


WANTED A ‘ROSTER OF SCIENTIFIC PERSONNEL* 

It is a welcome sign of the times that Indian 
scientists are now enthusiastically discussing about 
post-war scientific planning. The ball has been set 
rolling by the National Institute of Sciences of India 
and by the SciKNCK and Culture. In his Annual 
Presidential Address to the National Institute of 
Sciences of India, Sir Juan Chandra Gho.sli has re- 
ferred to President K. T. Compton’s description 
before the Royal Society of the war-time scientific 
organisation of the United Stales of America. The 
‘first step* that was taken in America in this con- 
nection was the^eslablisluiient of a ‘National Roster 
of Scientific and Specialised Personnel* and with the 
information available from this source, several orga- 
nisations such as, the Office of the Scientific Research 
and Development ((). S, R. 1>.), National Defence 
Research Committee (N. D. R. C.), etc., were created 
so that the scientific talent and resources of America 
could be effectively harnessed towards her National 
Defence programme. 

In order that Indian scientific workers may 
render whatever useful service they are capable of 
towards the Empire war effort now and also towards 
l)iiilding India’s destiny in the realm of science in 
luturc, Sir Juan Chandra Ghosh has rightly suggested 
the formation of a ‘National Research Council*. This 
will undoubtedly be a step in the right direction. 

While plans are being finally chalked out and 
attempts are being made to secure an adequate 
financial allotment from the Central Exchequer for 
this wortliy cause, it seems very desirable that India 
should start immediately with the compilation of a 
‘National Roster of Scientific and Specialised Per- 
sonnel*. This is the first step in any organised 
planning and if carefully done under expert super- 
vision, will provide the necessary information for 
tpiick drafting into the specialised services of all 
organisations or institutions that the country will 
need to .set up in connection with her national 
defence, post-war rehabilitation, and industrial rege- 
neration. 

It seems to me that the ‘Indian Science Congress 
Association* which has already helped in the orga- 
nisation of scientific personnel much more than any 
other single scientific body in India, should legiti- 


mately take up this work without further loss of time. 
The ‘Roster* should be jointly administered by such 
bodies as the National Institute of Sciences al 
India (Calcutta), the Indian Academy of Science 
(Bangalore), the National Academy of Science 
(Allahabad), and the Indian Association for the Culti- 
vation of Science (Calcutta), so that full co-oi)eration 
would be secured from all quarters in India. The 
executive and co-ordinating officers and offices may 
operate from a suitable centre, say, Calcutta, where 
the Indian Science Congress Association has its head- 
quarters. Almost all the information required can be 
obtained through the co-operation of such bodies as 
the Indian Chemical Society, Indian Medical Asso-< 
ciation, Indian Physiological Society, Biochemical 
Society, Society of Biological Chemists, Institution of 
Chemists (India), Indian Institute of liiigineers, In- 
dian Statistical Institute, Botanical Society, Zoolo- 
gical Society, Anthropological Society, etc., etc., and 
also by the issue of a ‘Questionnaire* all over India. 
It should be made clear at the very outset that all in- 
formation submitted will be held confidential. Some 
of the points against which information is considered 
helpful are given here to serve as a guide : 

1. Name and nddres*;; 2. Dale of !>ir!li; 3. Place of birth; 
4. Citizemshi]) (not necessary in Indi.-i) ; b. Mfirital status, 
dependents; 6. Race and sex; 7. Military service; 8. Pro- 
ficiency in foreign language; 9. (iovcmnient service- -Central 
or Provincial or State; 10. T'oreign travel and residence; 
11. Physical condition; 12. Height and weight; 13. X.'itnc of 
at least 3 referees competent to judge ability with their 
addresses; 14. Stateincnl of college or university education 
or affiliation with scientific societies; 15. Any profession or 
semi-professional occupations or otlier skill acquired through 
study, habits, construction of iiislrumeiits, etc.; Hi. List of all 
significant full-time position held including present position ; 
17. The onler of competence (beginning with major field of 
competence, sec*ondary field, etc.) not excee«ling 5 of the 
si>ecial fields, giving number of years six*nt in each 
‘function*; 18. The principal professional field (If in a 
special branch or field, as organic chemistry, such branch 
should be indicated. If in a borderline field, cln)ice. for 
grouping in a particular category, for example, a physicist 
nr an electricaPeiigineer, a physiologist or a physician, etc., 
should l>e mentioned) ; 19. List of special scientific or pro- 
fessional apparatus or other mechanical devices which you 
are competent to use; 20. List of other part-time or tem- 
ix>rary jiosilions; 21. List of principal contrlmtions, e.g., 
puhlicationi$, inventions, patents, etc. ; 22. Any research 
or special work in progress; 23. Any conditions which 
w'ould make it difficult for part-time consulting or full- 
time service; 24. What Committees nr other Organisations 
are you as.sfx*iated with ? I'ull title and address of 
the laboratories or other re.searcli (»rgnnisalions, if any, 
with which now as.sociated. (The iiiforination should be 
given in such a way that it can be used in compiling a list 
of .active research laboratories and organisations of the 
country). 25. Fields and avenues to be taken up for special 
.service to the country. 

The work will naturally involve a large office 
staff and preferably a full-time Director or Chief. If 
card indexing system i.s .started from the beginning, 
grouping would be easy. A full-time statistician 
‘Secretary* would also be needed. 

The finances needed would not be very heavy as 
with proper understanding and co-operation amongst 



456 


SCIENCE AND CULTURE 


Vol. IX, No. 10 


all concerned, expenditure on such items as office 
accoiiiiiiodation, electricity, stationery, postage, etc., 
could he reduced to a niinimuin. The full-litne 
Director and Secretary should be decently paid ; 
otherwise the work, which in its very nature, is bound 
to be rather tetlious, would not proceed smoothly. 
The money can be secured by pooling the reserves 
from many scientific organisations, c.g., Roafd of 
Scientific and Industrial Research, National Institute 
of Sciences of India, etc., and by making 
an ai^peal to the industrial interests and the general 
educated imblic. (’'rovemmeiit of India can also l>c 
approached for a non-rccurring grant. If cntlmsiasti- 
I cally pushed, a period of not more tlian 8 months to 
1 year should be sufficient for the job. A lakh of 
rupees, which should be considered the miiiinium 
budget for such a comprehensive undertaking, is not 
beyond the capacity of India. 

The scheme is of such vital importance to both 
Government and the industrial organisations that the 
money necessary should be found, if the significance 
of the project is clearly brought home to the educated 
])ublic. This can be done through the columns of 
SciKNCK AND Cui/ruRK and other journals and iiews- 
l»apers devoted to scientific, industrial, social and 
professional interests. 

Ik Mukkkji 

Ifioclicmical vStandardisalion Laboratory, 

Govt, of India, 

Calcutta, 26-2- r 04-1. 


ON THE SYNTHESIS OF 7-METHYL-0:3;3-BICYCLOOC- 
TANE-l-ONE 

Previously a synthesis* of 7-methyl— o : 3:3 — 
bicyclooctanone (1) was described. The constitu- 
tion assigned to the above coiiiiiound w.as 
mainly based on the observations of Baker.* But 
(|uitc recently Chakra varty* has definitely proved 
that ethyl / 5 -methylbutanc— X, / 3 , 8-tricfarboxylate on 
condensation with sodium yields, contrary to the 
observations of Baker, ethyl-4-methylcyclopentane- 
T-one-2 : 4-dicarboxylate instead of ethyl 3-niethyl- 
cyclopentane-i-onc-2 : 3-dicarboxylate ; further he 
has shown that the melting point of the dicarboxylic 
acid, obtained by the oxidation of the bicyclic ketone 
prepared by me, is identical with that of i-methyl- 
cyclopeDtane-i-carboxylic-3-acctic acid. So that, on 
the basis of the latter observation the bicyclic ketone 
mentioned above should possess the configuration (II). 
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In the following lines, a synthesis of cis 7- 
incihyl-o : 3 : 3-bicyclooctane-T-one by a method 
similar to that adopted by Bachiiiann* ct al for the 
building up of the cyclo-pentanonc ring in the 
.synthesis of e(|iiilenin, has been described. i-Methyl- 
cyclo])entane-i-carboxyuc-2- acetic acid, which has 
been used as the starting material, was prepared by 
the condensation of ethyl cyaiioacetale with ethyl 2- 
mcthylcyclopentanone-2-carboxylate, followed by re- 
duction with aluminium amalgam and hydrolysis, 
with the hope of obtaining the irons isomer as pres- 
cril)ed l>y Linstead ct al.^ The above Knoevciiagel 
condensation, however, was carried out according to 
the modified method of Coi)e ci al* instead of the high 
pressure techiihjue used by Linstead and a much im- 
proved yield (62%) of the condensation product was 
obtained. But the i-methylcyclopeiitane-i-carboxy- 
lic-2-acctic acid, thus prepared, was found to be a 
mixture of cis and irons forms, from which by re- 
peated crystalisation we have so far been able to iso- 
late the cis acid (m.p. 111-112^) in the pure form. 
The dimethyl ester of the above acid (b.p. 101®/ 3 3 
Him.) on partial hydrolysis with alcoholic alkali 
yielded T-methyl-i-carboiiiethoxycycloi>eulanc-2-ace- 
lic acid (b.p. 144^/4 inm.). The "hatter was converted 
into its acid chloride (b.p. 103^/4 mm.), which on 
treatment with diazomethane and silver oxide and 
methyl alcohol yielded methyl- 1 -methyl- 1 -carbome- 
thoxycyclopentane-2-^-propionate (b.p. 1 20^/4 ‘5 

nun.). The above dimethyl ester was cyrlise*! by 
means of sexlium and the resulting methyl 7-methyl- 
0:3: 3-bicyclooctane-i-one-2-carboxylate (b.i). ioo° 7 /| 
inin.) was hydrolysed by refluxing with an exejess of 
20% sulphuric acid, when 7-methyl-o : 3 : 3-bicyclo- 
octaiie-i-one (b.p. 80-85°/ 15 mm., semicarl >azone 

ni.p. 181-182°) was obtained in good yield. The bicy- 
clic ketone, thus obtained, on oxidation Avith nitric 
acid, yielded a dicarboxylic acid, which after once 
crystallisation from water melted at 111-112° and the 
melting ixiints remained undepre.sscd on admixture 
with an authentic sample of cis i-methylcyclopentane- 
I -carboxyl i .'•-2-acetic acid . 

My best thanks are due to Prof. P. C. Mitter for 
his kind interest in the work. 

D. K. Banurjkk 

University College of Science & Technology, 

Sir P.C. Ray Research Fellow’s I^aborator)', 

92, Upper Circular Road, 

Calcutta, 7-3-1944. 


‘ Banerjee, /. Ind. Chem. Soc., 17, 423, 1940. 
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* Willis, /. Am. Chem. Soc., 62, 824, 

‘Linstead and Rrrington, /. C. S., 666, 1938. 

Cope, Hofmann, Wyckoff and Ilardenbergh, 7. Am. Chem. 
Soc., 63, 3452, 1941. 



ERRATA 

In the article on ‘Delhi and its l^Ionuinents* piihlished in the January, iq.| 4 issue, the f<>llo\vin;> errors 
crept ill. 

Paj^c lo, Col. I, line 7 ... Delete (1400 H.C. ?) 

M II, ,, I, ,, i.S ••• “An Inscription of ... . knew it not.” 

Rintd "All inscription l)elonj»inR to the ixM^^n of one Bhojadeva identified 
by scholars with the celebratctl Bhoja I of the Pratihara dynasty 
(c. S.^b — c. 8S2 A.D.) has been found in the ueij^hboiuhood. But 
.‘\lbiruni dtx^s not appear to have heard of the city’s name. 

,, 11, ,, I, ,,20 ... I' or "the epi>*rat)h aforementioned” read "the Kajpiit epitira]»h 

mentioned in the iirecediiiK paragraph". 

,, IT, ,, I, ,, 22 ... hor "about 050 A.D.’* read **10^2 A.D.". 

,, II, ,, 1, ,, 23 ... h'or "about lobo A.D.’* read "some time liefore 1004 A.D.". 

,, M, ,, 2, ,, 4 ... I' 01 "i22b A.D." read "182O A.D.”. 

,, 12, ,, 1, ,, 21 ... I' or "built for himself near the Alai Darwaja" read "built for himself, 

and very near the Alai Darwaja”. 

,, 12, ,, 2, ,, 19 - ... I'or "(1701- i8o;d*’ read "(1761—1800)”. 

M 12, ,, 2, ,, 20 ... For "(1727 — 1746)” read "(i boo-— 174.;)". 

,, i.^, ,, I, ,, I ... For "(1S57)** read "(1862)”. 

,, i.^, ,, I, ,, 45 ... For "Khusru" tead "Xasiruddin”. 

,, 14, ,, I, ,,52 ... I'or "Qulb” read "Qutb Sahib”. 

• t i.^i It I, ,1 head- 
ing ... I’or "Puraii” read ‘*Puraiia". 

,, 15, ,, 2, ,, 8 ... For "Qutsiya” read "Qud.siya”. 

,, Tb, ,, I, ,, 17 ... Delete "in some respects”. 

,, t6, ,, 2, ,, II ... For "founder of the Oudh familv” read "the second indei»endent Xawab 

of Oudh”. 

,, 16, ,, 2, ,, I ... I’ or "iirevious” read "precious”. 

,, 18, ,, I, ,, 8 ... For "1727—1746) read "1600 - 174.^)“. 

,, t8, ,, I, ,,28 ... For "character” read "hero**. 

Ill the article entitled ‘Planning for Nutrition* (March number) in page .^75, col. 2 omit " ,, ” after 
"15 billion”. Read "Orecn leafy Vegetables, 20 million tons” after "Fruits” in the table and in page 
^6, col. r, read Calciferol ‘‘r'5“ for "1500” at the end of the table. In the footnote on p. .’>75 read 

"1044“ for ‘‘iQ 4 ,'^“. 
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PLANNING AND PROSPECT 


£ 3 LANNlN(i for the country on a coniprchensivc 
basis has been the all-absorbing prograimne of 
vSoviel Russia ever since ig^S. The idea of industrial* 
and economic planning on a national scale was first 
introduced in this country by Sir Visvesvaraya 
in 103,?. Very few people in this country apiiear to 
liave appreciated his ideas, but from its very incep- 
tion in 1935 1 this journal has been trying to 
mobilise public opinion in this country for a pro- 
gramme of national development by harnessing 
science and technology in a planned manner, ft 
was largely due to our advocacy that the then Presi- 
dent of the Indian National Congress look the first 
steps in this country to start the actual work of 
detailed planning and constituted for this purpose 
the well-known National Planning Coinmittce with 
Pandit Jawaharlal Nehru as the Chairman, That 
work, though unfortunately interrupted by the in- 
carceration of the Chairman, brought the idea of 
planning to the fore and resulted in a large collec- 
tion of materials and formulation of tentative 
schemes, which may perhaps be published in happier 
times. The work was inspired by realistic idealism 
and under the inspiring guidance of Pandit Jawaharlal 
Nehru .some of our best intellects in the domains of 
science, economics and indiLSlry and in our national 
life gave ungrudgingly their time and labour. The 
vastness of the scope of the work may be indicated 
Ijy the fact that for the preparation of tlie detailed 
reports, \he Committee constituted no less than 28 
sub-committees for dealing with various subjects. 
The amount of work put in by the Committee and 
its various sub-committees is an index to show how 
nnich can be achieved in a relatively brief space of 
time when a genuine love of the country under in- 
spiring leadership provides the driving force. 
Summaries of reconnnendations of several sub-coiii- 


iniltccs were published in the press, and others were 
almost complete when the work was interrupted. 

Why Pj.ANNiNc;? 

Although planning is now in the air, it may be 
useful to restate the reasons for planning. The 
amount of interest shown by all sections of the 
public showed clearly the appreciation of construc- 
tive thinking on a programme of such vast general 
importance. But even now in interested (juarters the 
(jueslioii is asked why planning .should be nece.s- 
sary for the ecfmomic development of India, 
when countries such as Britain, Germany and 
U. S. A. have reached their jireseiit pre-eminence 
without any plaiiniiig from the lop. Why not 
laissvz jaire? India shall forget the answer at 
her own peril. The aforesaid countries started their 
industrial revolution more than a century ago by 
the use of scientific and technological discoveries 
made in the West. In a largely undeveloped and un- 
coiiiiietitivc world their scientific and technical .supe- 
riority helped them to acquire not only the economic 
hegemony of the world, but also military and poli- 
tical hegemony. The results of those comiucsts are 
now obvious to all. If toilay India wishes to proceed 
to develop her industrial and agricultural economy 
without any jilan, centrally conceived and centrally 
directed, she will only find herself economically out- 
fought by the incomparably more advanced coun- 
tries. India requires therefore a planned and a 
forced march under the driving force of her own 
Govemineni if she is ever to fight her way out of 
the present axis-combination of poverty, disease and 
illiteracy. 

But ij is not at all correct to Isay that even in 
the U. K., U. S. A., and Germany a policy of laisscz 
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Jairc has been followed. The need of sonic sort of 
plaiiiiiii^^ and central direction is beinj^ felt even in 
these industrially advanced countries. If not for any- 
thing else, at least for sccurinj? greater eijuity in the 
distribution of wealth, for av«)idin«: cut-throat coiii- 
|)etition aiiioii^^ the different industrial concerns, for 
liinitinii those “anarchic*’ conditions which develop 
with the growth of uncontrolled capitalism under 
the motive of profit, for ensuring a more balanced 
structure of production necessary for the all-round 
slreii;>tli and prosperity of a nation which ou^ht to 
be the concern of the Stale and above all for con- 
serving e.xhaustible national restmrees like coal and 
petrol and dcvelopiii": power and mineral re.sources 
plannini^ is beiiii* increasin^*ly considered even in the 
hi^ihly capitalistic countries. I{nt>land has .not, f*>r 
instance, her political and economic planning (PhUM 
groups and during the war the State has intervened 
more and more in renulatinn production and is al- 
ready planning for the post-war period. The n;vne- 
ration of electrical power has been completely vState- 
controlled since h) 17, and the production and ulilLsa- 
lioii of fuel has lari*ely come under planned contml 
in recent years. In America capitalistic .neiiius had 
in the past received free play and had reached per- 
haps the hifthest water mark of efficiency. Jhit 
President Roosevelt, siiice his accession to Pre.sidcnt- 
sliip in 10.^2, has introduced ‘National Planning;* 
under the name ‘New Deal*, and within the last 
twelve vears, va.st development projects like the 
Tcnne.ssec Valley Reclamation, The lloulder Dam, 
The Cirand Coulee Dam, etc. have been completed. 
Tlic.se .schemes, which could never iiave been com- 
pleted without State intervention, and premeditated 
planninjL', have enormously enhanced V. S. A.*s pro- 
ductive power ; the T. V. A., established in 
alone produces about twice the electrical eneri»y pro- 
duced in India, and the total increa.se in electrical 
eneiT^y-production due to the ‘New Deal* will be 
about 50,000 million units, almost ecpial to (Germany’s 
Ijroduction of electrical eneri-y in ig^p. Hut ‘plan- 
ning* has not been confined to such vast reclamation 
works alone. After the fall of Malaya, a plan has been 
framed by the Conipton-Conant.-Hharuch Committee 
for the production of syaithetic rubber, whereby 
a balancct^ jiroduction is secured from petroleum on 
the one hand and alcohol, derived from the fermen- 
tation of j;»raiTis, on the other. Moth industrial and 
a^^ricultural intcre.sls have thereby been .secured, 
which is the ultimate objective of national eco- 
nomy as a whole. This plan is now beinp: loyally 
implemented by the novernment and the interests 
concerned. This and other vast ]»roduction works 
like production of alnmininm, fertilisers, chemicals 
could not have been so speedily undertaken if Roo.se- 
velt had not the fo-esiRht to develop hydro-electrical 
power, as a fiart of reclamation scheme. 


RuSvSIA 

The finest and untrammelled fruition of planning 
has, of course, been achieved in the vSoviet Union 
where a clean slate was i)rovidcd by the abolition of 
the inherent contradictions of capitalist society al- 
toj^elher. What the I'ive \'ear Plans, starting only 
in ig2<S, have achieved for the Soviet Union, is now 
clear to all. Her industrial and a>*:rieultural strength 
built up in the space of barely 15 years by a forced 
and planned march has stood up to the test of the 
mo.st fiery ordeal that any country has known in 
history. In this march, which was proving too 
Strenuous and exliausliiii* for many jieople, Stalin 
provided ^^reat inspiration and guidance as will be 
.seen from his address in rg.U : 

“It is sniiu'liiiiL's asked wlietlier it is not possihle to 
slmv down a hit in tenuio, to retard tlie movement. No, 
eoiiirades, this is iin|ios^ihU'. It is impossiMe In lediiee 
tile teni}x). On tlic onitrary, it is iieeessarx as far as pos- 
sible to aeeelerale it. To .slacken tlie tempo nieaiis to fall 
lieliind. And the backward are always be.'iteii. lUit wc do 
lint want to be beaten. No, we do not want this! The 
Jiisl*»rv of old Russia is the hisljiry of defeats due to hriek- 
warilness. All heat her for hackwardiicss. . . They l)eat her 
sayin.g 'You are ubiindant, so we can enrich ourselves at yonr 
expense’. They beat lier .saying, ‘Yjhi are poor and help- 
less, so yon can be l)eateii ami pluinlcred with inniuinitj 
You are backward, \ou ari* wi*ak, s<» \oii are wrong, hence 
yon can be beaten and enslave*!. Vt)ii are miglil\, so you 
are right, lienee we must be wary you. That is why we 

must no longer he backward We are fifty to Imndrcd 

years beliind the atlvanee*! eounlrics. We must c*»vet this 
dislanee in ten years. Hither we do this or ihev will cnisli 
us”. 

'I'oday the war has revvaltd Russia’s strength 
secured at colossal sacrifice. Tmlay she makes all the 
Jiighly mecliaiiised egnipmeiits that a iiiodern mili 
tary power needs. 

Oil the other hand, as the war has intensified, 
India’s industrial and agricultural backwardness, lias 
been increasingly brought home to us almost in every 
a.spect. India made no tanks, aeroidanes, trucks or 
cars. We made hardly any ba.sic chemicals, dyes or 
synthetic drugs. Iviigineeriiig, metallurgical and 
chemical industries which arc absolutely pivotal to i 
country’s development were practically noii-existeiil 
Probably there can be no better index to India's 
backwardness than the incontrovertible facts that 
her production of electrical energy is still 7 units 
per capita, and energy from coal Is about 12 units 
per capita. One lias only to compare these figures 
W'illi that of 2,fX)o for tlie IJ. S. A., from all 
sources, to rcali.se India’s backwardness. Agri- 
culture produces less rice and less wheat per 
acre than any country in the world. The level 
of literacy is likewise the , lowest and therefore 
educated and trained personnel and labour are largely 
lacking. Famine and epidemics have supervened 
and people have died in hundreds of thousands 
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from starvation and from ea.sily curable and 
preventable diseases for lack of drills and pre- 
ventive agents. In five nioiillis in Heiigal alone about 
7 lakhs of i)eople perished owinj; to the famine and 
its aftermath, accordinj; to a novernment com- 
mnni(iuc, while l)arely i b lakhs of people have been 
killed in four years in this war in the whole of the 
llritish Umpire, as stated by Mr Churchill in Parlia- 
ment on Ajiril 4, 1944. Such a shambles ctmld 
scarcely be imagined if it were not so real. 

Tiik IloMiiAv Plan* 

The question of rai)idly getting out of this 
valley of death, poverty, disease and illiteracy is 
therefore the vital problem for India. Recently some 
well-known industrialists of India have produced a 
tentative plan, popularly known as the ‘^Tloinbay 
Plan**, for this accelerated develoiMiieiit. This plan 
has attracted wide-spread attention. Uxplaining why 
there should be a plan - a ])oint which we have dis- 
cussed above -one of the authors, Mr J. R. 1 ). Tata 
said in an address at the Hoiiil)ay Rotary Club on 
the T,sth February, 1944 : 

‘‘Wliili' it is true that llii* great prosperity has lx‘i*ii 
Iniill up ill other rounlrics, and partiiulaiiy in Ainenca, 
without any ccntralisiMl phiiining aiul control, the cniidilioiis 
facing us in India to-day arc cntindy different. Climatic 
disjihilitics, the gradual erosion and de-iniiierali/ation of our 
land, the* progressive loss <»f vitality, the political subjection 
and economic degradation of the. people, the massive increase 
in our population, has lirought the nation to a state where, 
like a patient e.xhausted by a long illness, it lacks the 
vitality and eajiaeitx to light hack to health unaide«l. The 
progress towards recovery I lint could be achieved in the 
natural eniirse of things would he too slow. We cannot 
wait a huiiilrcil years or even half that time. There is no 
margin of safety left, as the recent liageily in Hciigal ha.^ 
"how 11 us.*’ 

This is but too true. 

The plan ciivi-sigcs doubling of the slaiulard of 
living of the Indian people over a period of 15 years 
eovering the essentials of life, vh., food, clothing, 
sliellcr, health and education. The per capita annual 
income of Rs. 65/- is .sought to be increased to about 
ks. i.LS/-. This is a far more modest idea than that 
<»f the N. P. C. Taking into account the jirobable 
rise in population to about 490 millions during the 
LS-year period, this would mean a three-fold increase 
of the annual national income from Rs. 2,200 crores 
to Rs. 6, to) crores. This increase in the national 
income means, of course, more production. Ai»art 
from the over-all increase in iirodiiction, the plan 
seeks to organize a more l^alaiiced slruclure of pro- 
duction. Thus agriculture and industry are expected 

* VI Plan of KcofiOniic nevetopmeitt for India' hv Sir 

1*. Thakurdas, J. R. D. Tata, O. L. Birin, Sir Ardeshir 
baUil, Sir Shri Ram, Kasturbhai Lalbliai, A. 1 ). Shroff and 
John Malthai. 


to contribute rcsi)ectively 40 per ccut and 35 per 
cent ()f the national income as coni]»ared to about 
55 per cent and 17 per cent today. The rest of the 
income woidd he contributed by the .services. 

The plan then considers the outlay necessary for 
securing this increased national income and indicates 
the following tigures for investment under different 
heads spread over 15 years : 


Crores of 
Rupees 


Industry 

. 1,4«0 

.•Vgrivullun* 

. 1,240 

Comtiiuiiicatiiiiis 

940 

Rducalioii 

490 

Health 

450 

Housing 

. 2,200 

Mi.scellaneous 

. 200 


10.000 


h'or purposes of execution it has been jiroposed 
that the scheme should be divided into three 5-year 
[ilaiis and that the invc'^tmeiit .should increase in 
geometric progression from one period to the next. 
It should be staled, however, that the plan would 
iialiirally help to pay its way as production increases. 

Regarding jiriorities in production, more em- 
phasis is rightly laid on the development of basic 
industries than of industries for consumption goods, 
although to avoid hardships as far as i>ossible the 
latter are also proposed to be developed along with 
the basic industries but on a relatively smaller scale 
particularly during the earlier stages of industrialisa- 
tion. It is only loo apparent that in this country 
whatever industrial dcveloiuiieiil has taken place is 
largely a sjuuious lop-sided developmAit (except iu 
the iron and steel and some other industries). Thus 
sugar and textiles are produced in fairly large quan- 
tities but sugar and textile machineries have largely 
to be inqmrted. 

In our opinion, the plan is neither .so broad nor 
exhaustive as that of the x\. V. C., but it is to be 
welcomed that onr industrial niagnaU?s have been 
able to come out of their narrow’ grooves, and think 
ill terms of the Nation. No doubt the idea has been 
accelerated by the large accumulation of ■ surplus 
money which lias flown into their coffers. Vast con- 
structive works on a national basis, which India badly 
needs, will provide a channel for this 'capital*, and 
make it creative. Tf such works are not under- 
lakeu, this ‘capital* will produce, as it has already 
produced, ‘inflation* ; and poverty, disease and degra- 
dation will continue. 

Some critici.sms have been made against the plan. 
It is said, for instance, that it is ft scheme to benefit 
the Indian industrial magnates. Perhaps, but would 

Jr 
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we prefer the present backward coiuiition which is 
exploited and ])erpetnated by foreign industrial iiiaR- 
iiates? Would the British people prefer American 
capitalists to their own ? It is true, of course, as we 
have indicated above, that it is socialist planning as 
that adopted in Russia which allows the full fruits 
of planning to he reai)ecl by the entire coinniunity on 
an equitable basis. As a matter of fact the Bombay 
Plan itself recognises the necessity of a National Plan- 
ning Committee functioning under a free National 
Government to frame the detailed schemes, the execu- 
tion of the schemes being in charge of a “supreme 
economic council working alongside the national 
planning committee under the authority of the 
Central Government**. The problem of distribution 
is referred to as. “vital** but this and the “allied 
(lucstion of the control to be exercised by the State 
over economic activities** are expected to form the 
subjects of a later report. 

The question of finance is complicated and has 
been proposed to be raised both internally and exter- 
nally. The question of ])o.ssible inflation is also 
touched on. The Soviet Union had to rely chiefly on 
internal finance and by exporting food-grains at 
great sacrifice scaired part of the neces.sary capital 
goods. In this country, similarly, we can hardly by- 
pass toil and sweat and tears if we wish to compress 
a century*s development into a (juarter of a century. 

The plan fully recognizes that without a National 
Government such a plan of development cannot be 
adopted. We would add that that National Govern- 
ment will also have to keep in view the good of the 
entire community and the even distribution of wealth 
in framing and executing the future National Plan. 
The fruits of planning should, on no account, bo 
allowed to be frustrated by sectional, group or in- 
dividual or provincial interests, which run counter 
to the good of the community. 

Thk Prospkct 

The planning may be there but what is the 
prospect? The Government of India and also the 
Provincial Governments have ai)pointed a number of 
post-war reconstruction committees. The terms of 
reference of these committees are so circumscribed 
that they have hardly inspired any confidence, but 
more commendable are the proposals of the National 
Institute of Sciences of India for a National Research 
Council for dealing with scientific research in a com- 
prehensive manner embracing scientific, industrial, 
agricultural, medical, public health and engineering 
research. In order to see that the results of research 
may be implemented in actual practice the National 
Institute have also recommended that the proposed 
National Research Council should have corresponding 


Development Sections in the relevant Departments of 
the Government. There is also the proposal for a 
Government Member in charge of Research and 
Development. These arc all progressive steps, but all 
of these including the. Bombay Plan cannot replace a 
National Planning Committee or a State Planning 
Commission for centrally directing and integrating a 
plan of national development with its myriad criss- 
crossing strands. Above all, the will and driving 
force of the vState organ is necessary not only in 
framing the highly complex National Plan but parti- 
cularly in executing it in a stated period of lime. 

Government si)okesmcn have on several occasions 
professed a desire for the industrial development of 
India. But it is curious to note that, not to speak of 
Government*s framing a full-fledged scheme of in- 
dustrialisation, whatever planning has been made by 
others has received very little commendation from 
the Government. Sir Jeremy Raisman said that the 
Bombay Plan was going to impose too great hard- 
ships on* the people. The die-hard Tory papers, the 
London Times and the London F.conomist thought 
that it was largely unpractical. Far more ambitious 
projects are apparently practical in the Soviet Union 
and are highly commended by the British allies of the 
Russian vSoviets, but even modest schemes for 
doubling the standard of living in 15 years are accord- 
ing to the same critics apparently not practicable in 
India I 

There are already disturbing signs of a double- 
pronged attack on Indian industries including those 
wliich have been started owing to the Government *s 
own uar needs. On the one hand, facilities for these 
industries are being restricted and in wartime it Is 
Government alone who can accord lho.se facilities 
and, on the other. Government are helping the im- 
port of consumers* goods with the object, as they say, 
of counteracting inflation. This pincer movement is 
bound to kill a number of Indian industries. Of late 
even alum, dichroniate, sodium sulphide, *hypo* and 
many other chemicals, which were already being 
made in India, are being provided shipping space for 
importation into India, inspite of the supposed 
pre.ssure on shijqnng, which prevented the Goverii- 
iiieiit to get food to India for a considerable period 
during the famine. The arguments advanced by the 
Government for this ]iolicy are interesting and 
worthy of critical examination. 

(a) It is said that there is shortage of coal, trans- 
port and other essentials necessary for Indian in- 
dustries. It will be noted, however, that the British 
Government is maintaining the British industries for 
which an essential requirement is coal, inspite of the 
fact that there is a serious shortage of miners* labour 
in Britain and there have been serious coal strikes 
entailing a loss of several million tons. If coal had 
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been withheld from British industries, how could 
they increase the export of fiiiishetl ^^oods besides 
maintaining the war and the civil industries of 
Britain? Ajiparently the British Government on plea 
of coal shortage is not starving their industries. Why 
do the India Government starve ours? 

(6) It is said that many of the Indian industries 
are “unecoiioiiiic** and therefore they ought to be 
discouraged. Such arguments are apparently not 
advanced in Britain, U. S. A., Canada or Australia 
with regard to their own industries. Industries may 
be said to be “uneconomic** if in peace time under 
conditions of free trade they cannot r)roduce and sell 
goods at a price at which they can be imported. 
Judged by this standard, the production of dye-stuffs 
in Britain was uneconomic compared with that in 
Geririany. Then why was not the British industry 
discouraged by the British Government? In every 
country the economics of production improve with 
lime and if industries are nipped in the bud, how- 
will they ever get a chance to reduce the cost of 
production? A fine example is afforded in India it- 
self, where the -.sugar industry, on account of the pro- 
tection it has enjoyed, has not only effected an all- 
round improvement, (c.g., the recovery has increased 
from 6—7% in 1931 to 11% in 1943), but has been 
giving of late a far larger amount to the Central Ex- 
cheiiuer in the form of excise, and income tax than 
the Government ever used to realise from customs 
duty on sugar imp(»rled from Java previous to 1934. 
Were not iiraclically all Soviet industries uneconomic 
in the beginning ? If so, why did not the Soviet 
Government sui)press them ? The fact is that an all- 
round indu.strial devcloi)ment is regarded as essential 
in every i»rogressive country, firstly because it is 
needed for prosperity, and secondly because it is 
essential for defence. Apparently that principle docs 
not apply to India. 

(c) It is said that importation of consumers’ 
goods is necessary in order to fight inflation. But 
inflation can also be fought by producing th().se goods 
in one’s own country. In fact, I/>rd Wavell stated in 
the Central Legislature on 17th February, 1944 that 
inflation .should be fought by both these methods. 
Accordingly, the Government recently announced that 
they w'erc vigorously moving for increased imports 
of finished goods into India. But the Government 
did not say what vigorous steps they were taking to 
increase the production of those goods in this country. 
Can any other country be mentioned where finished 
goods are being deliberately imported to fight in- 
flation? Is it not rather a fact that every country of 
any importance is increasing its home production of 
eonsiimers*- goods not only to fight inflation but to 
maintain foreign markets even during the war? In 
fact, as we have mentioned earlier, the present 


surplus wealth in the hands of the Indian industrial- 
ists and the public can flow into creative channels, 
and can materially help to solve India’s poverty 
problem if the Bombay scheme is adopted. But if 
that is not adopted, this wealth will become iiiflative 
and enhance the poverty. 

{d) Facilities for importation of plants, iiiachi- 
iieries and basic malcrials, etc., arc often refiKsed to 
Indian industries on the ground that shipping space 
is siived by importing the finished g(X)ds rather than 
those heavy materials. One may ask how Britain 
gets the enornions shij)ping space neces.sary for im- 
porting heavy raw materials from distant countries 
from wdiich British industries niamifacture finished 
goods to .sell often in countries, wlierefrom these raw 
materials are imported. Bir Gilbert Morgan, an 
authority on British chemical industry, slated “Apart 
from coal and iron ores, the mineral resources of the 
United Kingdom are relatively limited and many of 
our metallurgical trades depend on sea-borne 
minerals’*. If Britain now sends finished goods for 
fighting inflation in India, it is obvious that the 
British Government provided very large shipping 
space for importing enormous (luantilies of heavy raw 
materials. Then why should shipping sj>ace be un- 
available for importing machineries and basic starling 
materials for Indian industries? 

{e) As is well-know^n, industrial activity has been 
restricted in India by the restriction on the starling 
of new' concerns and even on increasing the share 
capital of existing concerns, in the name of protect- 
ing the prospective investors, who might otherwise 
be cheated. We doubt whether there are similar 
re.strictions in Britain or U. vS. A. In any case, one 
should have thought that, since fighting inflation is 
one of Governiiieiit’s objects, they should have 
encouraged fresh investments of capital for the 
manufacture of consumers* goods in India. 

The above would show the wide gulf between 
Government’s profeSMons and actions aiul this hypo- 
critical iiolicy is already in oi»eratioii. These policies 
would be more intelligible in the light of the follow- 
ing press report from London : ' 

“I^xperi ccoiioiMjst.s liere see danger for post-war Indian 
trade and iiidiislrialisatiuii in' India in Lord Woollon^s 
(Minister for Post-War Re-constriK-lion in Britain) spi*eeh to- 
day. I/)rd Woolton envisaged : 

(1) statutory provisions for securing adequate British 

exports to India and the Empire, 

(2) gradual e.xport of investment capital to the Empire 

under vState auspices and 

(3) increase of invisible exjXTts under cover of an 

expansionist |X)licy 

British post-war prosperity is to l)e built up gradually on 
the above 3-poiiit plan. British innnufnctnrcrs and financiers 
are at present planning means to strengthen the eecmoinic 
control on India by exporting investment capital and by 
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iiKTensfd i-xiMjrts of tnamifatUired j^otkIs. The future Jiulo- 
J^rilish trade is hound to Im- l^asejl on harteriiig of raw 
materials for i-oiisiiiiier gtxxis. Experts declare that this 
|H«li« v xNtll hinder Indian industrinl devehipiiKMit until such 
lime as India can politically be free to devise and execute 
her own economic policies” {llimluslhan Standard, 20-3-1JM4). 

vSatisfactory answers could not l)c elicited from 
the f'fovcrnincnt when questions were asked by 
Mr 1 '. T. Krishnaiiiacliari in the Central I^eRislative 
Assembly on March 20, 1944, regardinR the activities 
«)f the Kniled KitiRdoin Coinniercial Corporation and 
the Imperial Chemical Industries. He said that the 

1 . C. I. had a stranglehold on Indian industries and 
also referred to the statenieiit said to have been made 


by the Chairman of the I. C. 1 . that if a concern was 
as large as the i. C. I., its interests became identical 
with those of the nation (Uritish) as a whole. The 
prospect before many Indian industries is therefore 
bleak indeed. 

Planning is possible and desirable. Hut planning 
without j)ower imly make us conscious of our lack of 
l»ower. It is like a river channel without the 
vivifying water. 

Indian industrial concerns should have no 
illusion about the Government’s actions in the years 
to come. They should pul their heads together and 
tlbvise methods for fighting the menace. 


STANDARDISATION OF ELECTRICAL QUANTITIES— THE 
MODERN TREND OF ACCURACY 

J. N. BTTAR, 

SICCKKTAKV, RADIO KKSKAKCU COMMim;K, B. S. 1. R. 


^HIC purpose of standardisation is to sv>ecify 

characteristics such as si/e, value, performance, 
(|iianlity, etc. of commodities with a view to obtaining 
rea.sonably iiniforiii performance from them. As an 
illustration, the case of incandescent laini)S may be 
cited. These are nowadays standardised : this means 
that ('ertain specifications are drawn up regarding 
such essential characteristics as the power consump- 
tion, luminous output, the cap size and so on of each 
type of laini>; and, a standard lamp should conform 
within certain .specified toleranccvS to these siu'cifica- 
lions. Whether or not these specifications are satis- 
fied by a particular sanqile is determined by actual 
measurements. Thus, standardisation has two 
distinct aspects. iMistly, the drawing up of standard 
specifications which should be comprehensive enough 
U> determine the perforniaiice of a coniinodity un- 
diuivocally and secondly, the development of 
methods of measurement for checking ^Yith precision 
whether these specifications arc complied with or not. 

Thk Ai>VANT.\r.KS OF vStandardisatiox 

vStaiidardisalioii has nuinerous advantages, and 
some of the more imjKn'tant ones may be mentioned 
here for illustration. 

I . Standardisation assures easy replaceability. 
This is perliaps the greatest and most obvious advan- 
tage from the point of view of the public. It 


would certainly be extremely awkward if the newly 
j)iirchascd electric bulb would not go into the exist- 
ing .socket or tht^ new' tyre would refuse to fit on the 
wdiecl of the car. 

2. It facilitates business transaction by enabling 
the buver and the seller “to si.»eak in the same 
language”. This eliminates any risk of niisunder- 
stancling and is of mutual benefit to the consumer, 
tlie distril)iilor, the inauufacturer and the trade as a 
w'hole. 

3. Standardisation warrants mass production 
and thus reilnces costs to a considerable extent. 

4. It is relatively safer for manufacturers to 
produce standardised goods (as opposed to g(X)ds not 
conforming to any standard si^ccifications) even in 
slack periods, /.i*., even in the absence of any imme- 
diate demand. Thus standardisation indirectly stabi- 
lises production and employment. 

5. Standardisation brings out the necessity of 
iliscovcring new facts in order to deteniiine what is 
bc.st and also to provide the basis for the settlement 
of disputable (iiiestioiis. In this way it acts as a 
powerful stimulus to research and development. 

National Standardisation I^aboratories 

It is therefore easy to understand why every 
civilised Governnieiit enacts laws and statutes for the 



May, 1944 


standardisation of EI.KCTRICAL QUANTITIES 


purpose of standardisation. The Ciovcrniiiciits alsf. 
establish standardisation laboratories, the primary 
function of wliich is the cstablishnicnt of standards 
and tcsliiiK. 

As such, these laboratories are responsible for 
the tiiainteiiance of and iniproviii}; upon standards for 
all tyi)cs of commodities which include scientijfic 
apparatus or instninicnts of the highest precision used 
in laboratories, as well as the development of the 
lechnic]ue of measurement for accurately testin«: these 
commodities with reference to the existing standards. 

In recent years the activities of these laboratories 
have expanded considerably in the direction of 
scientific and technical research. The laboratories 
carry out in close co-operation with the industries 
such fundamental investigations as may have long 
range apidication and serve as a vital link between 
scientific research on the one hand and industrial 
development on the other, their contributions to the 
advanceineiit of purely scientific knowledge being no 
less important. Pre-eminent among these institutions 
are the National Physical Laboratory, England, 
National Ihireau- of Standards, Washington, U.S.A., 
Physikalisches Teclinische keichanstalt, Gerinany 
and the Jiureau de Poids et Mesures, France. 

Acci ' R \CY ( )F St A M > A K I ) I .SAT 1< )N 

In tile .standardisation of ordinary consumers* 
goods the tolerances allowed may l>e relatively large. 
Put ill the case of industrial machinery or <if scienti- 
fic instruments used in lalxiratory work, the per- 
missible tolerance is much smaller. In the standardi- 
sation «)f insliunieiits id iirecisioii and research the 
tolerance allowed is a minimum. The precision 
demanded for this ty])e of work implies that standards 
of the highest iiossible accuracy should be employed 
for such measurements. As already mentioned, it is 
one of the functions of the national standardisation 
laboratories to prci)are such .standards, to maintain 
them with scrupulous care and to constantly improve 
111)011 them.. 

It is therefore but natural that with the progress 
of industrialisation and the development of new 
branches of industry — which are more often than iu)t 
interrelated with one another — the .standard of 
accuracy should bo continually rising. I'he increase 
of precision has been particularly marked in the 
nieasuremcnt of electrical (|uantilies. For instance, 
while ill an accuracy of ± i in lo* was con- 

sidered to be exceptional in the measurement of the 
frequency of electric o.scillations, one is not content 
today with mea.suring the .same even with an accu- 
racy as high as ± i in loL In fact, it is now 
po.ssible to measure almost every electrical (luantily 
with an accuracy of i part in a million or even more. 
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In the case of freipicncies, as noted above, the 
increase in precision has been particularly specta- 
cular and at present freiiuciicies can be standardised 
with an accuracy of one or two parts in lo’. 

The following remark of I>r II. L. Curtis, 
principal physicist at the Bureau of Standards of 
W'ashiiigton, will bear quotation in this connection. 

“TTie (1i.«;t'ii.ssif)ii of tli« iiictlnxls is based on tbe ns.>iiiii|i- 
tioii that an accuracy of one part in a niilUon is desirable in 
every type of measnrenient. T'liis .'KTiiiaev was sck-itnl as 
the most preeistj tlial was deiiiaiided in any electrical fiica- 
surement. IIf»\\ever, sime llie. preparation of this tiiaiiits- 
iTipt was begun, tliere lias been a proiioiiiiced increase in 
the precision of iiieasiireiiieiils in several fields. Comparisons 
of re.si.stance standards lire, now made in one part in ten 
ftiillioii, and the same can be said concerning stindard cells. 
vStamlard frecpicncies are now disseminated wliieli liave Ibis 
accuracy. Tlie need for this extreme accuracy is exceptional 
but its use indicates Ibe trend in eleetrieal measurements 
and slums that an aciuraey of one part in a million should 
he the Moal in most fields. Moreover tlie use of tlie same, 
standard of aceiiraey in all fielils of electrical nieasuremeiits 
greatly facilitates eoniparisoii bctv\een tlietri' (italic.s ours).’* 

It is to be noted that this high precision is 
pos.siblc only in the mea.surenient of an electrical 
quantity of a particular kind in terms of an accepted 
.standard of the same kind, b'or instance, a resistance 
may be measured, in terms of a standard resistance, 
to an accuracy of a few parts in a million. The 
absolute value of the standard, however, may not be 
known with tlie same ilegrec of accuracy. In fact, 
it is generally imicli less, being of the order of i in 
lo.'’ The reason for this difference is not far b) 
seek. Whereas, fi)r example, for the comparison of 
a resistance with a .standard resistance the simple 
bridge melbod with <lue precautions sufllces, the 
teclinitiiie of measuring tlie absolute value of the 
standard in terms of tbe fundamental mechanical 
units of mass, length and time involves complicated 
and elaborate mcthcKls whicli necessarily introduce 
relatively large unceiTainty. In early measureiiieiits 
of the ah.solute value of the ohm, for instance, an 
accuracy greater than i% could hardly be attained. 
In recent years, however, tbe accuracy lias increa.scd 
considerably and it lias now been possible lo establish 
the abs<dute value of the ohm with an accuracy of 
I in lo''. 

Acciiracv oi- .Modkrn Ei.kitrical Mkasurkmknts 

It should be clearly understood that by staiidardi- 
saliuii of an electrical iiuaiility is' meant the deter- 
mination of its value relative to the established 
.standard maintained in one or other of the national 
laboratories. We give below a brief uccoiiiit of 
the accuracies with which the important electrical 

‘Curtis, n. b., ‘Eledrict'il Measurements’, ^IcGniw-Hill 
Hook Co., p. vii, 1937. 
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(luantitics — resistance, capacitance, inductance and 
frecpieiicy — can be measured at present. 

Resistance , — It is relatively easy to measure 
resistances of intermediate values, c.g., one ohm to 
one mc«ohm, with an accuracy of one part in a 
million. I'his hi^lJ accuracy can also be attained for 
very low re.sislaiices (down i/kxio ohms) if special 
precautions are taken'**. We may (luote here the 
follow iiiR remarks of Dr L. Hartshorn of the 
National Physical Laboratory : 

“It ])(>ssil>li‘ to make ivkitive iiieiisiiromcnts (if tesis- 
to roiniiiirr thr rcsisUinivs of Mati.eaiiin roils with 
an arcurary hrttrr than I part per million ami it will hr 
found that rm-iit rcpirls of the Inlrrnatumal Coiiimillfe of 
VVeiRhls and Measures jiivi* values of rcsistaiirrs to 01 put 
per million.’’* 

The National Physical Laboratory of IviiRland 
can standardise resistances raiiRiiiR in value from i 
(jinn to to ineRohms with an accuracy of a few f)arts 
in a million. It may be iMunted out that resi.stances 
of the order of lo'* ohms and more arc iKit suflicieiitly 
stable. In juactice, therefore, such resistances are 
seldom rciiuired to be measured with the high 
accuracy mentioned above. 

Standard resistances for use in laboratories for 
precision mea.surenients can now’ be purchased from 
reputable firms with a guaranteed accuracy of the 
order of a few- parts in a million. 

Capacitance . — ^Capacitances can be measured in 
terms of standards with an accuracy of i part in 
10,000 rt 0*01 inicromicrofarad for values ranging 
from a fraction of a micromicrofarad to .several micro- 
farads. Aslljiiry of the Natmiial Physical Laboratory 
in describing an e(juipmeiit which provides a basis 
for ('apacilance standardisation in England w rites : 

“The normal range of the bridge which is intended for 
frc(iueni'ies below a few thousand cyrlcs per second is from 
1000 /i/ifd to 20 /ifd. find over that range it is possible to 
obtain an Jiccur.icy of 2 or 3 parts in Iff'.”* 

Ill discussing the accuracy attained in a typical 
measurcinenl, Curtis .says : 

“ITiider favourable conditions llie nncerlaiiily in a single 
nieiLSiiremcnt of a 0-25 /ifd. air capacitor will not exceed 
/ or 2 parts in a million.”^ 

Snell extreme accuracy is iierhaps md possible 
for capacitances of all values but it may be said that 
even the smallest practicable capacity can be 
measured correct to within o'ooor /i/xfd, if not more. 
A.stbiiry and Jones have developed a capacitance 
attenuator which can be apjdied to the measurement 
of very small capacitances. They say that this instru- 

" Curtis, II. L., Ibid., p. 93. 

" llarlsliorn, L., Reports on Prof^ress in Physics 5. 306, 
1938. 

'■ Astbury, Report Progress in Physics, fi, 403, 1939. 

* Curtis, II. L., Ibid., p. 128. 


ment can be apiilicd to measure capacitances as siii.all 
as o’ 001 /v*fd correct to within o’oooi /x/*fd. 

Capacitances can be standardised in the National 
Physical Laboratory with an accuracy of i in ro,ooo 
for values between 5 /x/xfd. and 10 pid. 
at 1000 cycles per .sec. It is understood that values 
up to 1000 /ifd. can be measured with this accuracy 
but such high precision is not reiiuired in practice 
for thc.se higli values. Very low' capacitances (e.g., 
the iiilcr-electrode capacities of thermionic valves) 
arc measured even with greater accuracy, namely 
correct to o’ooooor pfM. 

Some well known instniiiienl maiiiifactiirers also 
market acciirale bridges which are capable of measur- 
ing capacitances ranging from 01 /ifd. to 1000 ppld. 
with an accuracy of i part in 1000. h'or measuring 
still smaller capacitances instriimeiils arc available in 
the market which claim to give values correct to 
0*01 /vifd. 

Inductance . — Indnctanccs can also be measured 
with the same order of accuracy as capacitances at 
KKKj cycles per second. 

In the National Physical I^aboratory, induc- 
tances of values from 0*1 ph to i h are standardised 
with an accuracy of r in ro,<xK.)±o‘o5 /di at 1000 
cycles per second. It is understood that values iij) 
to 1000 henrys can be measured with tin's order of 
accuracy but that is seldom required in practice. 

In describing a method of measuring self-iiiduc- 
tances, Curtis estimates that inductances as large as 
o’ I h can be iiieasiired correct to i part in a million 
at a frcipiciicy of 150 cycles per second*. 

It is often necc.ssary to measure inductances of 
smaller values at radio frc(|iiencies. Such measure- 
ments can be carried out in the National Physical 
Laboratory with an accuracy of 5 parts in io,ooo± 
0 05 /ill though higher accuracies can be attained 
under favourable circiinistances. The smallest induc- 
tances (a fraction of a microhenry to 1 microhenry) 
can be measured with still higher accuracy vis., to 
the nearc.st .j’(X)i ph at radio frequencies. 

Precision Inductance Bridges available in the 
market can give an accuracy of i in 1000 ±o’i /xh in 
the range i /xh to too h. The range can be extended 
to 1000 li but the accuracy for such high values is 
relatively smaller. 

Frequency.— \Vc have already mentioned that 
the accuracy of measuring the freipiency of electric 
oscillations has increa.sed tremendously in recent 
years. This has been largely due to the rapid 
development of broadcasting which demands the 
maintenance of the tfansiiiitter frequency constant to 
williin the i)re.scribed narrow limits. 

'Curtis. 11. L.. Ibid., p. 116. 



May, 1944 


standardisation of electrical quantities 


405 


At the National Physical Laboratory frequencies 
up to 30 nic/s can be standardised with an accuracy 
of I part in to million. 

It is intcrcstinj^ to <|iiotc in this connection a 
remark made by Dr A. J. (h ‘11 in course of his 
addre.ss as Chairman of the Radio Section of the 
r.K.IL in iQ.sg. In the words of Dr Gill 

"Wliftrcas the precisU)a of measurenuMil of j. 100 parts 
in 10" was ext'cplional in 1023, rorresp*>ii(liiiK <>nh*is ftir 1928 
aiul 1933 were ± 10 parts and ± 1 part in 10* ri.*specti\fly. 
To-day ii is ixwsihlc to measure to + 1 ])arl in 10' niid in 
the near future it will he possible to work to y 1 part in 
10 "”.’ 

In describin#^ an e(iiiipmcnt capable of mcasiir- 
iiiL* fretiuencies in the ran.ee o to 20fK) nic/s. 
developed at the National Physical Laboratory, Mr L. 
Ksseii writes : 

“Frequendrs less than 30 rnc/s. are compared dirccllv 
with a signal ohlaiiied from oscillaUirs rontrolled liy the 
standard, and the accuracy of the nu-aMinincni is limiu-il 
only hy that of the stainlard, which is ± 2 pails in 10", if 
ihc i»riniary tjiiartz clock at the National Physical Labora- 
tory is used.”" 

The hij*h accuraeies in the modern measure- 
ments as described above, have been attained by 
takiiijL* tile greatest preoniitions in the minutest 
details. For instance, in the measurement of a 
resistance an imporlaiil source of error is the varia- 
tion of temperature. All possible precautions are 
therefore taken to maintain every part of the standard 
resistance coil at the same temperature (by iinmersinj* 
it ill an oil bath, for example, and keepiiij; it con- 
stantly stirred) and iiolim; the same accurately. 
The resistance of even a hiKh quality standard coil 
changes by 20 parts in a million due to a chaiij^e of 
rV. If the resistance is therefore to be measured 
correct to one part in a million the temperature is 

A. |.. Jourii. J. K. K.. 84. 248, 1939. 

• lessen, L.\ Proc. Phys, Snc., 52, filG, 1940. 


to be measured correct to within i/2oth of a decree 
centigrade. Again the sensitivity of the galvaiio- 
iiieter must be .such that it gives detectable indica- 
tion for a change of resistance of the adjustable arm 
of one I ‘art in a iiiillioii. vSpeeial attention is also 
paid to reduce contact resistances to a minimum. 
Ill the incasiiremeiit of capacitances and inductances 
sutlicieiit care is taken to minimise the stray capaci- 
tance r)f tile leads and maintaining them constant 
throughout the experiiiieiil. Residual impedances of 
the bridge arms as well as the various connections 
forming the bridge circuit are taken account of in 
the calculations for accurate results. The alternat- 
ing eleelromolive force iiiqn'tssed 011 the bridge is 
made as free from liariiioiiics as i)ossible. The 
detecting instrument is sensitive enough to indicate 
the smallest changes in the impedance of the adjust- 
able arm. Further, special atteiilioii is i)aid 10 
thorough shielding of the components wherever 
necessary in order t«> make the bridge balance 
.sensibly independent of its surroundings, the ])o.sitir>n 
of the oi»erator and also the type of generator and 
detector employed. 

The author of this article, as Secretary of the 
Radio Research Committee c)f the Hoard of Scieiilitic 
and Industrial Research, had been reiiuircd to draw 
tip a (|iie.sti(;;inaire regarding the availability or other- 
wise, in this country, of ctphimieiits and facilities 
for the standanlisatioii of radio components and 
a])]>nratus. In this connection he hail to collect data 
regarding the. ])reseiit trend of accuracy (jf electrical 
iiieasuienieiits in modern Standardisation Lalxjra- 
lories. The present article is based on the iiiforma 
lion so cfdlecletl and has been prep.ared at the retpiest 
of the Chairman of the Radio Researcli Committee.* 

♦ TIic aiitlior takes Ibis f>pportuiiilv of tliniiking t1i»* 
Chairinnn tlie Radu) Researrli Commit lee for lielpful dis- 
cussions ainl al.so I lie Director, Scientific and Industrial 
Research for graiiliiijir permission to publish the article. 
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CORRELATIONS BETWEEN LINGUISTIC (CULTURAL) REGIONS 
AND THE PHYSIOGRAPHIC DIVISIONS OF INDIA. 

BURMA AND CEYLON 

MANKCK 11. PITHAWAULA, 

HMVIiRSIl'V rivACHKR IN CBOCKAPHY, UOMHAY UNlVliKSlTY 


Introduction 

j'rcat riddle of the world, -the Unity of 
Mankind,- will be solved by scientists, espe- 
cially «;eot»rai)liers, whose task it is to read the 
world as a whole with the lights of all other sciences 
focussed toL'Clher; it is to discover the interaction 
of man and nature in its many aspects and to re- 
interpret it for the f^rowth and development of 
iuinian life and civilisation. 

Similarly the riddle of India, the bnrninj»: <ines- 
tion of the day, vie., the Unity of Comninnities, can 
be solved not by politicians but b>- I’cojjraphers who 
will be called ipion to re-interpret nature in the 
liKht of Indian history and to discover how the 
various communities, livini; in India, are formed and 
how the physical environment of rocks, soils, mine' 
rals, climate, water-supply, etc., has played its part 
in helping to produce different conditions and cul- 
tures ill different physiographic regions. 

Cultxtk.m, RKfuoNs oF Indi.x 

Nature has made Imlia a vast subcontinent, a 
conglomeration of many natural re.gions, many 
climates and many other physical slimulii for man 
to form convenient groups in different geographical 
surroundings. No wonder, then, that within its 
enormous area of nearly two millii)n stpiarc miles,, 
there live to-day almost four hundred million peoples 
of various castes and creeds, struggling to carve out 
their de.stiny under peculiar circumstances. And yet 
it is true that it is <ni exceedingly j^ood and .suitable 
j;eo}j!raphical unit with enough geographical aloof- 
nc.ss from the rest (»f Asia due to the great mountain 
barriers. It is capable of producing a single nation 
with one national goal of its own. It is true to say 
that from the points of view of external defence and 
internal management India is a natural unit. Well 
protected also by the seas in its coa.stal areas, — the 
country is singularly lucky to get opportunities to 
develop its own economic resources. Its g(X)d and 
perennial northern river systems have afforded very 
good settlements in the Indo-Oangetic ])lain formed 
by them, with tlieir unifying influences and good 
neighbourliness created among those who managed 
to enter the region tlirmigh the few but convenient 
mountain passes. Again, the numerous blocks of 


table-lands, in the Peninsular area, of volcanic rocks 
and igneous massifs, forested or unforested, have 
given the old cla.sses of peoi)le, such as the aborigines 
and the Dravidians, good protection and shelter 
whereby they have been able to preserve their special 
cultures in wholesome climates within uncongenial 
latitudes. Thus, in India we have so many oases of 
culture, .so to say, in a vast desert land, but their 
waters reiiuire to be mingled by a process of spirit- 
ual irrigation and assimilation in order to form an 
All-India Civilisation. If there is any country in 
the world most suited to the plan of unifying man- 
kind, it is India.' Such a plan from the point of 
view of cultural re.gions has been projected in the 
present paper, keeping culture apart from religion, 
provincialism and polities. 

COMIHlUMUNfr OF InDI.AN CulTUKK.S 

If cultures, instead of being made mere mecha- 
nical mixtures within unnatural and uncongenial 
political boundaries, are fusetl together as a real coin- 
]K>und, they will be turned into one All-India 
civilisation, lasting for long epochs of lime and 
benefiting all the communities, apart from their reli- 
gious beliefs. Thus it is pc»ssible for all of us to 
live in Imlia i)eacefully and progressively without 
interfering with our religious beliefs and without the 
unnatural methods ot unification, .such as inter- 
marriages, conversions etc. If religion is kept apait 
from social life and politics, a certain amount of con- 
tact of cultures is bound to be healthy and fruitful 
“The establishment of contact between peoples with 
different uaining and e(]uipmenl produces new ideas 
and liberates initiative”.’* The Parsecs of raijarat, 
for examide, have rendered good services to India in 
this respect, without losing their identity for the 
la.st thirteen centuries (see my “Contribution of 
Gothic Culture to Indian Civilisation”, Ralhe.star 
New Year Number 1041). The different modes of 
life, food and drink, industry, architecture, etc., all 
depend uimui the environment found in the natural 
regions which are homogeneous in character ami 
which afford a definite setting for man’s life. 

’ T. N. Jagdisaii- ‘‘Leave.s fniin Indian Clilture", 
(in.'irkie), Biimbay, pp. 208 ff. 

* J. II. Hutton -CViKsiis df Ifuli.'i, 1931, Vol. I, Indki. 
Pt. 1, p. 453. 
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Again, a true region lias a si>eoiality in produc- 
tion, trade, art, etc., based on its environs and re- 
sources. It is, tiiercfore, absolutely necessary that 
there .should be a proper scientific planning of daily 
life and its activities in all the cultural regions, so 
that each unit may give its share in the evolution 
of the whole country. Not only this, but there arc 
<»ther deei)er and subtler uses of culture apart from 
religion. “That intermediate activity of humanity 
which lies between its religious function and its 
daily life, -the activity of culture, in which the 
glimpse and urge of a deeper life are exi)ressed 
through the symbolism (»f the life that we know ; in 
literature which u.ses w»)r<ls and images drawn from 
daily life for the exjiression of a life beyond the day ; 
in the arts which have the sounds and colours of 
nature as means to the disclosure of a light that never 
was on sea or land.”* 

Such cultural activities of human beings in the 
'dilTerent physiogiaphic regions of our country arc 
/ni/.v Indian in character, regardless of our religion 
or political and dynastic authorities. Tlicy provide 
sivlistic evidences and nothing else. 


Cin;ruRK and Lanc;ua('.k 

Ihit the best and most useful product of a parti- 
L'lilar region is the langua^v of 'the people living in 
it, ag.ain irrespective of their castes or creeds. “Cul- 
ture is fine but certainly not great enough till it has 
found means to translate itself to tlie language <if 
the masses of the people and reach down to their 
iiiiderstanding and at the same time keep itself vigi- 
lantly engaged in upholding its true nature. Kor, 
L'veii in order that a few shoidd be enlightened, the 
many must be persuaded to prefer light to dark- 
ness.’” It is true that wends are excellent carriers 
nf culture in whichever region it thriven and language 
is a rich storelnnise of ideas ami ideals of man. It 
is the proper expression of the i)liysical conditions, 
the raw materials, their uses and by-products. Men 
really think in terms of these and clothe their 
thoughts in suitable words. It is cciually true to say 
that a certain region gives rise to a certain vocabu- 
lary and a certain kiiul of ])eoi>le i»roduces a certain 
l^ind of literature. It is, therefore, said that the 
mother tongue is the best for expressing our thoughts 
and therefore the most prccicms asset of a class of 
people. Our language has deliiiilely close collec- 
tions with our history, habits and aspirations. It 
i?' decidedly the most powerful iuslniineiit fc»r the 
tniifieation of dilTerent gn)ups living in the same 

* Janits Cousins — “The Cultural Cnitv of Asia*’, Adyar, 

p. 4. 

* A. C. Bose — “Culture and Mfiss Religion**, Mod. Rev., 

1941, p. 239. 


region, as it is a .syinliol of unity, the tongue of the 
hearth and not of the market place. 

The better the race, the more powerful is the 
medium of exiiressioii and the more duininaiit the 
language and literature produced by it. Nearly 
75% of the jieople living in India speak the Indo- 
Aryan languages, which shows that the Aryans have 
left their most indelible mark upon them. “The 
most imi)orlant and the lasting gift of the Aryans 
ill India was probably their language, — a vehicle of 
cominunicatiou and expression belonging to a family 
of languages which has produced its superiority in 
ail parts of the world by superseding any other lan- 
guages with which any of its members have come 
into effective C(>m[>etili*)ii.”'‘ 

It is no wonder, then, that this Indo-luiropean 
grouj) of languages has [luslied out the ancient 
Dravidiaii languages into the remotest and least fruit- 
ful parts of the Peninsula ami even of Ceylon. Not 
only this but there has also been such a severe 
mingling of these cultures in some eoiiveiiient parts 
of the coiiiilry such as tlie fertile river valleys that 
it is difficult at times to define exactly the areas occu- 
pied by the peoples and to i>oint out the stages at 
which a transformation is taking place in the physi- 
cal characteristics and the linguistic peculiarities of 
the peoples. 

RKC.IONAI. laNfilTACiKS OK INDIA 

111 such an enormous land ma.ss, in which there 
are Si) many and such varied physical environments, 
where there has been an inihix of so many classes 
«)f people from lime to time and where so many king- 
doms and empires have come and gone, it is but 
natural that there arc over 175 different languages 
with more than 500 dialects spoken by the people 
ill different parts, so much so that in Marathi there 
is a regular proverb : “Speech changes within a dis- 
tance of one-hundred miles’*. About 50 of these 
languages are spoken liy less than i,o<x> persons and 
so are unimportant. The dominant languages, which 
are taken by me as regional, are 25. Unfortunately 
for ns, these linguistic regions do not coincide with 
the iiolitical divisions of the country. Hut on the 
other hand, there are some niurked correlations bc- 
liOecn them and the natural divisions. India is most 
unnaiurally diviiled to-day into some 1 1 provinces 
inclmliiig the Native Slates, which are again sub- 
divided, wilhoul any sound principle, into divisional 
circles and districts, so that in a particular presi- 
dency such as Hombay or Heiigal, there are half a 
do/ell iirineipal languages spoken by the people, who 
therefore cry for the separation of more and more 
provinces. This is the root cause of all the troubles 

*J. H. Hutton— o/>. cit., p. 369. 
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ill our country. There is not one laiiguaKe which is 
the real carrier of culture to unify these unnatural 
jjolitical divisions, of whicli the boundaries are so 
iiapliazardly made. Tlieir peculiar sizes and shapes 
are due to strange historical circumstances and chance 
treaties, llecau.se a Bombay army had to conquer 
Sind on their way to the Punjab and Afghanistan, 
Sind remained annexed as an appendage of no great 
importance to the Bombay Presidency for well-nigh 
loo years. Its sci)aratioii in 1936 w'as therefore most 
welcome, as it is a natural division falling within 
the limits of the Lower Indus Basin (.see my “(iee- 
graphy as an aid to the unijlcalion of Indian Cul- 
ture'*, Ind. Ccog. Journal, December 1941). 

POLITICAI. B()UN1>AR1K.S — ^TlllC lilNDRANCK 

These political provinces have made the peoples, 
living within their limits, think in teniis of party 
IKilitics and not of real culture. They have created 
much provincialism, unworthy of a great country. 
Under provincial autonomy, recently granted by the 
Britisli rulers, the situation has grown worse and 
the essential unity of India is fast breaking up. The 
cleavage between several Indian provinces, e.g., 
Bihar and Bengal, vSind and the Punjab, Ceylon and 
South India, is really due to these artificial political 
barriers and rugged provincial boundaries. There is 
110 inter-provincial exchange of cultures, crops, etc., 
on the same account. 

Rkdrawing of the Map of India 

What then, is the remedy ? Since India is such 
a large .sub-continent with diflerent physiographic 
features, a re-division of it on a really cultural basis 
should be made with a provision for a re-union of 
them with convenient lines of communication and 
for a regrafting of them with common natural ideals 
under a benign and representative Central Oovern- 
nient. In other words, if India is to be divided for 
its eflicient administration and niaximuni benefit of 
the people, its best divisions should be physiographic 
with natural boundaries and congenial environmental 
inflcnces for their growth and evolution. 

Physkxjraphic Divisions— The Basis 

P'or the solution of this most vital problem of 
India’s ailtural unity, the first thing to do is to break 
the political barriers and to set up natural physio- 
grajdiic boundaries. This will stimulate the cultural 
process considerably, as its administration will also 
be more cflective. For this purpo.se, the author has 
already presented his scheme of Physiographic Divi- 
sions of the country, commenting upon which he 
expressed the hope that they would probably coin- 
cide with its Cultural Regions : 


“Tliese regions w'ill greatly facilitate the 
lirogramine of national planning in India and will 
conduce to the harmony and prosperity f)f the vari- 
ous people.s without losing their individuality on 
account of tlieir congenial environment and to the 
evolution of an all-India civilisation, wdiich is our 
iiee(l today.”" This hope is fortunately reali.sed to 
a great extent. 

In the map drawn for the [ireseiit paper, an 
attempt has been made to show the correlations 
between these physiograjdiic divisions and the lin- 
guistic regions, taking the latter to be representative 
of the cultural regions, as shown above (sec the 
Map showing the regions). A region has been con- 
si<lered by me to be belonging to a particular cul- 
ture, if the majority of the people, say 60% living in 
it, speak the dominant language which is represen- 
tative of that culture. To a certain extent, this lin- 
guistic map coincides with the ethnological ouc. 

As India is physically divided into three main 
divisions, the b'xtra-Peninsular Mountains, the Indo- 
Ilangetic Plain and the Penimsular area, its main 
cultural groups also coincide with them nearly. The 
Pahari group rests largely on the ITiinalayan 11101111- 
lains, witli the Pushto-Lahnda (Indo-lranian) border- 
ing on its western flanks and the Tibeto-Chinese on 
its eastern flanks. This high-mountain culture is 
still exclusive and segregated from the valleys lower 
clown, though it is affected by the neighbouring Tibe- 
tan and Iranian plateaus. It harbours a warlike race 
of itself with runaways from plains below' and from 
tile Iran plateau through the convenient passes on 
one side and iinniigTants from the Chinese river 
valleys on the other five main languages are spoken 
in these parts. 

The Indo-Aryan family, in which are included 
no less than 1 1 prominent languages, has taken full 
possession of the Indo-dangetie Plains and has also 
lienerated a large part of the Peninsula owing to it.s 
buperioi '.'ulture, tliiis occupying more than half of 
the country. Here and there on the idatcaii there 
arc a few “islands” of aboriginals speaking promi- 
nent languages, e.g., Miinda and Bhili, segregated 
in forested areas ; but in the fertile valley with good 
water .siipidy and food plains there has been a de 
Unite alisorpliun of ancient cults and a proper inter- 
mingling of the Indo- Aryans with the inner (Madhya 
Desa) licit of important languages and the outer hells 
or otlicrs (outer belt). The sea has begun to affect 
the coasts decidedly in recent years. The third 
Dra vidian group, which has been driven as far away 
as possible by the invading Aryans, nearly coincides 
with the old Archaean block including Ceylon. Poor 

• Ref. Illy "Physiographic Divisions of India, Burma 
and Ceylon”, Sciknck and Cui,TU»k, 7, 537 ff, 1941-42. 



May, 1944 


LINGUISTIC regions AND PHYSIOGRAPHIC DIVISIONS 


469 


rocky rain-shadow areas and tropical heat have lisation/ It must be noted that in every natural 
imposed many vicissitudes of life on these people, region in which a particular group of i>eople lives, 
yet they harbour a very high degree of old culture the physical environment docs not remain the same. 
comparable with the Aryan civilisation which has Scientists have proved that everything on the earth 



Fig. 1. Map showing Linguistic and Physiographic Divisions. 


displaced it from Hindustan proi)er. There are live 
of these Dravidian languages evolved by this race 
in South India and Ceylon. 

Physical Environment Changes 

It is a mistake to suppose that physical environ- 
ment is only static and cannot create a lasting civi- 


is changing, — land masses, seas, lakes, river courses, 
desert areas,— all are inconstant ; even the axis of 
the earth and with it the climates are changing, as 
has been proved by the presence of tropical coal 
seams in the polar region. Nature is not static but 
is dynamic and man therefore gets varying oppor- 

* R. K. Das— “Civilisation**, Mod. Rev., July 1941, p. 36. 
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tiinitios to cvolvi* liiinsclf on the globe. Man can 
control nature but there is a certain limit to this. 
Hence the only chance of unifying all the regions 
permanently rests with man. 

Prik'Ks.s oi* Cri/ruKAi, Evolution 

A study of the regions shown in the Map, re- 
veals some of the following definite phases of cnltti- 
ral evolution : 

1. Minglinji' of Cultures: This process is pro- 
minent in the Indus Valley (Siiidhi and the Punjabi), 
the whole (hinges Valley (Hindi, Hihari, lleiigali), 
Central India Tableland (Hindi and Rajasthani), 
(h)lconda Coastlaiids (t)riya, Miiiida and Teliign) 
and Malabar Coast (Malayalam and Tamil). 

2 . Stiihilisiitiou of Cultures : The process of 
aeciiltnration is more or less stable though not with- 
out an overflow in the following regions : — 

Rajpntana llidands (Rajasthani), Western Peiic- 
idains (Ciitch, Kathiawar and (riijarat), Western 
Chats, llombay Dcccan and Konkan (Marathi), Nil- 
gili Hills and Hcllary Section (Kanarese), Caddapah 
Section (Teliigu), Tamil Sections ('rainil) and S. \V. 
W’ostlauds of Ceylon (vSinhalesc). 

3. Isolation of Cultures: Cultures, whether 
aboriginal or native, are comi»letely isolated in the 
forested areas of the Mahanadi Basin and Chota 
Nagpur area (Munda), Central India Tableland (Bhili 
and Oond), Nilgiri Hills (Todas), Shilhmg Plateau, 
Khasi Hills (Naga) and Central Massif of Ceylon 
(Veddah). 'fhere is, however, a slow but steady 
absorption of these by the more powerful cultures 
which surround these isolated groups of ancient cull.-» 
in the whole country, c.g., Bhili into Cujarati and 
Rajasthani, Munda into Hindi and Oriya, etc. 

Migration of Cultures : As staled above, the 
Indo-Aryan languages have penetrated far into the 
Peninsular area as far south as possible, displacing 
the original languages through the efforts of succes- 
sive hordes of invaders. Migration is definite in so 
far as the cultures are dynamic and the lines of 
communication possible, though not easy. Iwen the 
sea is not the limit, as India's Culture has greatly 
influenced Greater India, including Java and 
vSuniatra'* and also China, Korea and Japan.” 

The Dravidian languages have duly cros.sed the 
Gulf of Manar for Ceylon and the ocean further south 
for Australia, proving thereby that this pre- Aryan 
culture is not (piitc static, though not as powerful 
as its original rival. 

• Kalida.s Nag — "India and the Pacific 'Vorld”, Calcutta, 
1941. 

•Jaine.s Con.sins— "The Cultural Unity of A.sia”, Adyar. 
1922, p. 31 ff. 


Wliile natural channels, such as a perennial river 
system, are the best means for carrying and spread- 
ing the various cultures and tleseiTs or mountain 
systems the worst obstacle for them, any artificial 
.stimulants also work wonders. 

Examination of Naturai. and Artificial Stimuli i 

The best example is that of the carriage of 
^Marathi oiiltnrc from its elevated position on the 
Deccan Plateau to the low coastland of Konkan by 
a railway route through the W'esleni Mountain 
barrier, allowing an exchange of men and materials 
through the Bhor Ghat. A telling evidence of this 
is foiiiul in the inscription of the railway bridge 
coiLstructcd by Captain Hughes in 1S30 : “During 
the administration of Major General the HoiPble vSir 
John Malcolm, G.C.B. anno ilomini I1S30 the road 
oil this ghat was constructed, which by rendering the 
transit of merchandise on wheeled carriages available 
and Ibercby facilitating an intercourse between the 
Dcccan and the Konkan, secures to the country per- 
manent and .solid advantages." The greatest advan- 
tage of this, no doubt, was the transference and inter- 
cliange of cultures, as the linguistic map of the region 
shows. 

At the same time, any artificial barrier, such 
as the iiolilical boundaries of a British territory or 
a Native State, does not prevent cultures from 
mingling. A very good instance of this, is the 
Dcccan Hyderabad vSlate, the poiiiilalion of which 
is drawn from three or four cultural regions, viz., 
Marathi, Kanarese, Telugu and Hindi, the first being 
the most dominant. An attempt to enforce the Slate 
luiiguuge, viz., Urdu, upon the ]K)pulace is futile, 
as the avowed medium of instruction in the Osman ia 
University is “the language of the court but not of 
the li earth". Nearly 00 'Xi of the i)eo])le belonging 
to the Hyderabad State speak .Marathi, while only 
10% siieak Urdu, which is really speaking a foreign 
language for the mas.ses. “The Maharashtra of 
Godavari Valley (Pailha) was the prestiiie Maha- 
rashtra and is entitled to he in touch with the 
Modern Maharashtra of the Krishna (Wai). The 
real mother longue is the only language through 
which we imbibe our culture and natural national- 
ity."*” Indeed Marathi cannot be siipprcs.sed by 
Urdu in this region in this maimer. 

Again a reshuffling of the population of the 
political divisions, as was aUeiiipled by the dictators 
of Europe, will fail to solve the problem of the Unity 
of India. It is not within the bounds of practical 
politics ill any country. Nature must be allowed to 
do its work as best as she can ; but at the same time 

N. C. Kclkar — "Hyderabad Education Policy ” — The 
Progress of Education, Vol. XX, Oct. 1943, pp. 72-73. 
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man can help by offering some artificial stimulii, 
such as roads, railways, scliools and colleges and 
Universities, planned on an all-India basis. I'he old 
system of pilgrimages to certain special shrines and 
temples, situated in dilTerent regions of India and 
playing a certain part in awakening the geograidiical 
consciou.sness of India, as a whole, .should be re- 
vived. ‘*What contributes towards making a nation 
is not only a common language, religion, govern- 
ment or culture, but the evolution of a common 
country, a common fatherland.”'* 

Besides, any new scttleinenls that may be estab 
lished in India should not be unnaturally base<l on 
religious denominations and according to the i>rescnt 
provincial interests InU on the common natural ad- 
vantages, such as the utilisation of fertile lands, 
canal waters, rocks or minerals as well as on the 
common disadvantages such as floods, famines, 
diseases, etc. This co-operative spirit is still domi- 
nant in our villages, but not in the urban centres 
due to foreign education. It is clear that the level 
of culture among the vast bulk of our rural popula- 
tion is fairly uniform ami that divergence in the reli- 
gious beliefs does not affect the neighbouring feeling 
existing among the peo|)le. r/’/h/gtw still re- 

lain some scmhlancc of a iccU-balunccd sclI-snDicing 
economic unity. 

Tiik ()I< \ Lingua lhanca 

One more iiucslion in connection with the pro- 
blem of the unific-ation of cultures remains to be 
solved, r/.:., a lingua Jranra for India. Often in 
recent years a claim for llinduslaiii has been jiut 
forward that it is and can be widely understood by 
]>eople in all parts of India. A common language 
is, ])y all means, the most unifying factor in national 
planning. U. S. A. has done it for long. Now we 
have already noticed that if there is any language 
lliat is most widely diffused, it is Hindi, both eastern 
and western. It cowrs naturally a big territory be- 
longing to Section (3) l\' A, B, C, D, (3) 1 C and 
(;d III A. It is still spreading wider, and yet there 
are many difficulties of making it a lingua franca 
of India at present : 

1. There is the (|uestion of the script, neither 
Persian nor vS.'inskrit can be accepted ; it mu.sl l)e 
Konianised, as is done in Turkey. 

2. The bulk of the rural population in India 
speakii its own original language and Hindi is not 
even known to them, c.g., pc»)ple living in the Dravi- 
dian regions are iiuite ignorant of this medium. A 


” Radliakuiniul Mookerjoc “Natioiuiltsiii in Hindu 
I'lillnre", London, li)21. p. 4ij. , , 

vSir Jogendra vSiiigh — "The Cultural Problem”, ()xff»rd 
Puiiiplilct No. I, 1942, p. 54. 


.simplified form of Hindi or Hindustani will have to 
be introduced in all our primary schools in the first 
place. 

3. Hindustani cannot boa.st of any great litera- 
ture ami as .such it cannot be accei»led by the educat- 
ed classes as a medium of expression. It wtmld take 
long for it to evolve to a high literary .stage. Other 
Indian languages sneh as Bengali and even Telngu 
have excellent literatures of their own and would 
not readily yield to such a language of the market. 
The late Professor P. Seshadri has wisely opined 
“To put the matter plainly, the question of lingua 
franca should u'ail for an exhibition of literary 
superiority by Hindustani which will sweep people 
off their feet and recognise high realm of beauty and 
genius.” 

However, as the iMai» shows clearly, Hindus- 
tani has a very great future in India for a common 
Indian language. Its vocabulary, as enriched from 
l)oth Iliudii ami Islamic .sources, will grow and will 
be accei>lable to both the major comiiiunilics. There 
is no comi)iilsioii in Hie .choice of words n.scd by any 
party. It is successfully handled by the elite of 
both tile classes of .people and well accommodated 
in writing to Urdu or Xagri scripts for the national 
evolution of a common Indian vernacular. 


Ai.i.-Inih A Civn.f.sATK vn 

How, then, will it be [)ossibIe for us to evfilvo 
an Indian civilisation in the near fiilutc} Hur only 
hope is to harmonise the different cultures under the 
guidance of a wise Central rioveriiineiil and to pro- 
duce OIK- All-India Culture by imilnal understand- 
ing and gf)od will. Not by dividing and re-dividing 
the country unnaturally, not by enforcing any foreign 
language or culture on the masses of India and not 
by any unnatural social methods, shall we be al)lc 
tf) unite all the communilics and form one united 
nation with c«>nnnon ideals and asi»irations. One 
culture should not be allowed to suppress another. A 
free hand and e«iual opportunities should be given 
to all the tlifTereiil cultures to satisfy tlie needs of 
all who live in the country. In a land saturated 
with ])anthcistic ideas, these cnlHires are like the 
immortal souls dwelling in the boily forming its total 
civilisation. To make this body last long, Iberc 
should be harmonv and health of the organs of which 
it consists. Thus if we want India again to be proud 
of a great civilisation in the modern world, it niiisl 
be re-integrated and ro-sonlod by the cultures of all 
the cla.sscs of people, on the basis of national pkni- 
nitig. Thc.se arc : 

1. Revival of all forgotten or forsaken contacts 
by a proce.ss of cultural irrigation ; 
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2. Utilisation of nature and her rCvSources as 
best as \vc can without regard to political 
boundaries or i^inmnnal interests ; 

3 . Collection of moral and spiritual forces in- 
herent in the dilTerent races, without dis- 
turbing their religious susceptibilities ; 

4 . I)cveIor»nieiil of a coniinon language like 
Hindustani, by mutual co-operation, with a 
common scri|»t and by a national system of 
ediicatitm from the primary stage and orga- 
nisation of Literary Leagues on a linguistic 
basis throughout the country ; and 

. 5 . Appeal to the Inter-University Hoard to co- 
ordinate the scieiitilic work done in all 
Indian Universities, particularly geographical 
researches. The most urgent work to be 
done is that of preparing the ( '•cograt'liy of 
India based ujyon the regional geographies 
of the physiographic-cum-cultural regions 
shown in the Map. 

C< >NCFJTSI()N 

If the linguistic map of the country is super- 
posed on the physiographic map, we notice that there 
are some marked coincidences between the cultural 
regions represented by the vernaculars and the phy- 
siographic divisions previously drauu and that: 
except in a few regions, cidtures have constantly 
moved inside and outside their botindaries, though 
they 7eere born of the geographical environment 
found 7eithin the limits of the divisions. In some 
cases they have even migrated to distant parts along 
certain natural channels, such as river valleys nr 
seas. There are, no doubt, certain outer bands or 
fringes of the regions which cannot be defined from 
the iM)int of view of a dominant language or culture. 


They can be called neutral bands or no-man*s lands. 
The most prominent region, however, viz. that of 
Hindi, is most widely spread in India, having absorb- 
ed many foreign elements. This is the heart of 
Indian national culture, already an inseparable 
compound of Hindu and Muslim cultures ; it has 
been beating forcefully and, if niiture is not unduly 
disturbe<l here but helped by man, the life blood 
from the regif)n will fiow fast and far and mingle at 
no very distant date, into an Indian National Civili- 
sation, provided we put into action a first-class nation 
building programme at all the Indian Universities. 

Not only thi.s, I)ut .such a unified Indian Civili- 
siilion is likely to influence tlie outer world as well. 
“The genius of the Indian nation is a vast presence 
which transcends the actual physical or geographical 
embodiment and in its ideal pos.sibilities can indeed 
embrace the whole world of man. Thus the evolu- 
tion of India as the mother-country of the Indians 
has but followed the lines of the cosmic process re- 
vealing the L’niverse in the Particular and the Parti- 
cular in the Universe. Here is no insular culture 
lacking in universality, nor a dismembered one which 
is homeless and therefore infructuous and sterile. 

Hut even if we do not aspire so high, we can 
but hope for comidete fruition at home. And so the 
Indian nation can be likened to the age-old Hanyan 
tree, wlu)se massive trunk has taken deep roots into 
the rich .soil of the mother earth and whose larger 
!)ranchcs and smaller twigs are the different com- 
munities and creeds, still clinging in a congenial 
atmosphere, to their kith and kin, and from whoso 
sides again descend the hanging roots all anxious 
to meet the mother, who gave them birth, once more. 
May it flourish for ever long ! 

K.'idliakininid Mook rjoc; 'Natioiiali.sm in Hindu 
Culture”, Op. cit., pp. 98-99. 


TAIUJ? SlIO\VIN(; CORRELATIONS HETWEEN LINGUISTIC (CULTURAL) REGIONS AND 
PHYSI(X;RAPIITC divisions of TNDTA, BURMA AND CEYLON 

(Ref. : ‘‘.SciRNCh and Citijurk”, 7, 538-543, 1940- ’41) 


Lingiii.stic (Cul- I Plivsiograpliie Divisions 
tural) RcgKMi rovered. 


Bri*;! Notes on Cliaracteristics, Environmental influence.*?, 
Ciiltiirnl traits, clr. 


1. Sindhi 


I. Extra Pkmnsulak Mon.NTArNS. 


(1) \ Kirlhar Mtiiiniains .. 

(1) B Kolii.slaii vSectioii 

(2) A Indus Western Valley 
(2) B Indus Eastern Valley 

(1) C Indus Deltaic Area 

(2) III A Pat vSection 
(2) III B Tliar Section 


One of tlic host regions for a mingling of cultures. Entry into the 
Valley hy some 16 different peoples by land and sea. Partial desert 
hand made habit able by man with the help of a perennial river. The 
human factor active iii annihilating Naturc’.s calamities e.g.. Ancient 
irn'fratifm sy.steiii. Cradle of the Mohenjo Daro or Indus Valley 
Civilisation (Dravidian ?). 1)e.struction of the civilisation by natural 
calnslrophics, such as floods, river changes, and by Aryan and other 
invasions from Iran plateau etc. Language mixture of Arabic and 
Sanskrit. Home of Sufism. (For further details, see my “Geography 
and Culture,” Karachi 1942). 
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LINGUISTIC (CULTURAL) REGIONS AND PHYSKKJRAITIIC DIVISIONS— C£i»(<(. 


Linguistic (Cul- IMiysiographic Divisions 
tural) Region covered 


Brief Notes on Cliarasleristiis, Kiiviroiimeiital influences, 
Cultural traits, etc. 


2. Pashto 


3. Pnhari 


4, Kashmiri 


(1) III A N. W. J)ry Lands 

(2) II B Punjab Plain 
(I) IV A Potwar vScctioii 


Influenred by Afghan burderlaiids aiul fringing the western parts id 
the I'uiijabi bell. Superseding also tlie. language, of Swat an<l higher 
riMclies of the Indus as a Ihifiua franca here, (huidliara sculptural 
relics and also (Ireek relies found. 


(1) II A North Ilimnlnyas 
(1) II B South Himalayas 
(1) III C Lesser Himalayas 
(1) IV B Sub-Himalayas 


(1) HI B Dun Section 


Mountainous region from ChaTiiha to Nepal, tiarbouring a spei'ial cul- 
ture, as an excellent exaui])le of isolation in the highlands but 
covering vast areas. Culture derived from Iranian on the one hand 
and Indian such as Rajput from Rajasthani in the hnv lamls, a .‘sort 
of transplaiildtioii. Specialised in the Sul»-Seclions c.g., Naipali, that 
is New Pali. Warlike peoples with martial traits. 

Specialised Pahaii longue in t)ne Dun and isolated in the Tpper Jhelum 
Valley. Special Dun culture, developi’d on iiidepeinlenl lines by a 
colony of tlu? Punjabis. Hulk of the ix>i)u1alion Moshni but ancient 
Hiwlu ((Jandharva) relics are fouinl here, l^.xcellent climate and 
beautiful nature .scenery, inspiring the people to ]iriiduei* various 
arts and crafts from olden times. 


5. Mon-Khmer | (I) V A Shillong Plateau An instance of In<lo-C'hinese influences on the eastern frontier of India, 

like Pushto on the western bordc.rlainl. .\n i.sland among Tibelo- 
Buriiian languages luil correlated to Burmese. Recognised as aji 
Indian vernacular by the Calcutta Cniversity. 

6. Buniiese .. ! (1) V .\ Shillong Plateau A singular instance of assimilation of Til)ett)-Burmese Culture such 

(1) V H The Burmese Yoma? a vast scale. Has s])read to the Ni>rth-Soutli valleys of Burma's great 
(1) V C Irrawadi Valley , rivers. People, of Mongholian i>rigin, resourceful ami hard-working. 

(1) V 1) Shan Plateau Has migrated to Andaman (.Vndamanese) and Nicobar (Nicobare.se) 

(1) V D Irrawaili Valley islands in the s*)ulh. 

(I) V V Kaladan Valley 

(1) V <.r Salween Hasin, Burma 


7. Llianda 


K. Punjabi 


1). Hindi 


10. Bihari 


2. Indo-Ganoktic Plain. 


(1) HI B Dun vSection 

(1) IV' .\ Potwar Seelioii 

(2) 1 1 B Punjab Proper 


(1) HI B 1)1111 Section 

(2) 1 1 ;\ Doab Section 
(2) IV'^ A Iiido-Gaiigctic 

Watershed 


(2) IV B Jumna-fiaiiges Doah 
(2) IV C Piedinonl Zone 

(2) IV I) Trans-Jutnna Trad 

(3) 1 C S.b^ Rajimtana 

Section 

(3) II A Central India 
Tableland 

(3) HI A Maliaiiadi Basin 
(3) HI B Godavari Basin 


(2) V .A Bliangar Section 
(2) V B Khadar Section 
(2) HI A Malianadi Basin 


.\ castclcss region. Infiltration of J’ersian elements inb* western 
Punjab. 74°li Longitude is eonsidereil to lie the dividing line, 
liillv influences give rise to Siib-Sectir»ns, c.g. Llianda Sliina and 
Llianda Kashmiri in convenient ]>lains. Huddhist, Persian and 
Helleiiislic influences. 

Inlermediale between Lhanda and Hindi. Several tribes are absorbed 
here. ITa.s profliiced a virile and warlike race. No caste restrictions 
due to Mahoiiiedaii predominance. »Special caste of Sikhs evolved, 
a mixture of Islamic ami Hindu cultures. Good soil and crops in 
all the Doabs. GixmI iioiirislinieiil. .Mughal art and architecture 
proiiiiiieiit with Iiido-Saraccnic influence. 

Mo.st important nf all Indian cultural regions. An intermixture of Iiido- 
.Vryans and Dra vidian s. Afost widely s])okeii language in India, with 
the Upper (binges valley as its home. Mingling of cullnies ex- 
ee]>tional. Cradle al.so of Huddhi-m :ind (iiipla arts, b'veii the 
iVninsulur area and Central India Tableland iieiietraled Ihrongli the 
river eliainiels of tlie Cbaiiibnl, the Belwa etc. Tribal culls absorbed. 
Influenced by .Arab or Persian Mahoniedaiis in llie west (western 
Hindi or Urdu developed) and by Aryan Hiinhis in the soutli east 
(eastern Hindi developed). Kveii arcbiteclure is influenced by 
Moslem and TTiiidii art. Indo-Saraceiiic culture. Meeting Marathi 
further south and giving rise to a number of diahn-ts. People have 
a traditional knowleilge of agriculture and have a high sense of duty 
and luLspitality as the culture is cosmojiolitan and dynamic. Iliiidii- 
.staiii offshoot a promising lingua franca of Imlia. 

Belongs to the middle (binges Basin chiefly. Inlerniediati! between 
Hindi and Bengali. Covers also Oiidli. Bughelkhand, Chatisgarli etc. 
Offshoot Ardhaniagadlii, the language of Indian epic poetry. Centre of 
great religious movements. Sacred Ganga ((.binges) cult and land 
of many saints. Stronger and more hard-working race than those 
of the Lower Ganges Ba.sin. Valuable coal and iron mines find 
.suitable labourers. 
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LINGUISTIC (CUI.TURAI.) RKGIONS AND PHYSIOGRAPHIC DIVlSIONS-CofiW. 


lving;ui.stic (Cul- 
tural) Region 

Physiographic Divisions 
covered 

Brief Notes on Charasteristics, Knviroiimeiital influences^ 

Cultural traits, etc. 

11. ilengali 

(2) VI B Old Ganges Delta 
(2) VI C New Ganges Della 
(1) B The Yoiiins 

(1) V I*' Kiiladam Valley 

Another excelleni della culture. A hlctiding of Drn vidian, Mongoloid 
and .Aryan elements. Resembles Sindhi on the other side of the 
c*c»untry. Kxeelleiit tongue and Hteraiure developed. Situated in the 
most thickly populated part of India and^ therefore there are the 
greatest nunibens of speakers. Uarly Bmglish influence at the time 
of the Hast India Company. Missionary work done. Even the 
Bengali language is aflccted by them, though the literary form is 
Sanskritised. S]K*cial types developed in Sub-Sections of Burmese 
Yoiiias ami the Arakaii Coastland. I.)clta people with little energy 
in an enervating climate. 

12. Assaiiic.se 

(2) VI A Lower nraliiiiainitra 
Valiev 

Belt In-lwcen Assam on one side ami the Ilinialayaii slopes on the 
oilier. (iiKwl seclusion in the narrow I/owcr Brahmaputra valley 
parts and therefore comtiiaiid a siiecial language and literature. 
Naturally free from Sanskrit traits, though related to Bengali, due 
to its ahK>fiie.ss. 

13. Kajnsllinni 

(.^) I .\ N.W. Kajpiil.'iiia 

1 H .Marwar I'eiieplaiii 
(3) 11 A C. I. Tahleland 

• 

1‘owerfiil iiiflueiice in the dry iiplamls. Plow of the midland races 
passing through Rajputaiia belt to the sea in Gujarat. Hveii Buddhis- 
tic contact, f.g., Sanchi. Many tribes and their dialects meet 
here. Jaiiia Bralimanical art develo])cd. Safe fioiii the dread of the 
attacks from rulers in the plains in the north. Castes (tribal) .supe- 
j rioiily pre.served in .some St.-itcs. Smiie migration to the iiorlliern 

1 iiiftuntaiiis. 

1 

14. Gujarati 

(3) I.\ 1) Western Peneplain 

1 

1 Showing the cnllurnl unity of CViijarat jiropcr, Kathiawar and Ciitcb. 

1 (‘iitclii dialect is affc<*led by Siiidiii while Marwari jii.st enters (iiijarat 
ill tlie north. Can be sl\]eil the most wcslerh branch of the Indo- 
.\rvaii tongues, reaeliing tlu* sea board for further contacts by sea. 
Jain influences. Contains many ollirr relics of old. .\ soft people 
belonging to soft soil. Have often suffered due to famines, (iood 
traders <luc to sea i^orts, tliroiigb which abo /oroastrian ctilliirc has 
entered. 

15. Marathi 

(3) 11 A t'entral India 
Tableland 

(3) II B Western (dials 

(3) 11 C Bombay Deccan 

f.B II 1{ Konkan Coa.stlaiid 

(3) III B (h>davari Basin 

AVrv dotiiiiiaiil plateau ciilliirc for at least 1000 years on Dc<caii Trap 
region. Remarkable coinciticiice of JVap nn-k and Marathi. Rich 
regur (black cotton) soil and cultivable valleys, tliougb ixirls .suffer 
from rainshadow and famines, rndergmund passage and bill fortresses 
possible due to Hie peculiar slrucliirc and denudation of the rock, 
lias affected tlic Konkan coast iluc to artificial line of commiinica- 
tif»n and ix*iiet rated Berar tbroii.gb river valleys and the Ni/.ain Stale 
jiikI merges into Oriya. Has contaeted (iiiiarati (anotber ileniidcd 
Trip .soil culture) ami developed KbrmdesTii. .\lso absorbed Irib.'il 
languages /’.g., Goiidi ami pushed b:tck Kanarese in Hit* .south. I’li- 
affeclcd by Islamic culture. I''xccllent literature of a spiritual 
character. Warlike as well as saintly character of the people, foml 
(if miisie and other arts. Wonderful caves cut in the dykes etc. 
Scvllio-Dravidiati trails in Maratha Brahmans. 

16. Oriya 

(3) III C h).'isleni Ghats 
(3) III D (bdcoiula Coaslland 

fsolated Miimla-lype, iiiicliaiigcd for centuries. Good literature. People 
live a life of sliuggle against natural handicaps. 

17. Munda 

(3) III .\ Malianadi Basin 

l'on*sls of Chola Nagpur, its primipnl home. Relations with furthei 
Indian culls, such as Nicobar. Small “islands*' persisting .still in 
other parts of India. Probably aboriginal. 

IK. Bhili 

(3) 11 A C. I. Tableland 

All “island** of alK>riginal ciillurc, .secliuled in fori'sl areas of the 
Sathnras. 



3. Tifiv Pk.ninsuuk Arka. 

10. Telegii 

(3) 111 B (Jolconda Coaslland 
(3) MIC Kastern ('.hats 
(3) IV A Cutldni>nh Section 
(3) IV G Coroinandal Coast- 
land 

Offshoot of Dravidian Culture .still ]H'rsi.sliiig in the north of Madras 
Presidency and the Andhras. Special character evolved locally. Pf>or 
fK'uple living on scanty rice food, meat and lisli. Little cuUivaliou 
due to |X)(>r rainfall and Archaean rwk soil. • 
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UNOUISTIC (CUI/rilRAL) RKGIONS AND I’lIYSIOGRAl’HIC DIVISIONS 


Ijnguislic (Cul- 
tural) Region 


IMiysiogrjipliif Divisions 
c«>vered 


Ilrief Notes on Cliarasteristies, Kiiviroiiiiienlal infliiences, 
Ciilliiral traits, cte. 


20. Tamil 


21. Knnnresc .. 


22. Malayaliun 


23. Sinhalese .. 


(3) IV 1) Tamil Section 
(3) IV 1C Kaslcni Sloj^s 
(3) IV G Cfjroiiiaiiilal 
Coast la mi 

(3) V C N-N.IC. Drylands 
(Ceylon) 


(3) II C Itoiiibay Deccan 
(.^) IV H Helkirv Section 
(3) IV C Nilgiri Mills 


Mas preserved what is liest in the Dravuliaiis, since it is driven to the 
furthest sonth. A mo.st highly developed language with extensive 
literature. I'riigal hahits of the people. Jnntieiire of double nioiisorm. 

Northern parts «>f Ceylon inhabited by Tamil folk living a hard life 

in ilricr areas, t>roviiig that from the iM)iiit of view of culture as 

of nwks, Ceylon is an integral part of India. Conflict with the 

Siidialese, still further south in the island. 

Chiefly cnnllned to the Mysore plateau ami the rainshadow parts of 
the Western Ghats, hand rich in minerals of the Dharwar rock.^, 
excellent waterfalls for producing electric energy. An advance<l 
Native. State, kcdics of ancient Hindu art. Very oM literature pre- 
served. 


(3) IV C Nilgiri Hills 

(3) IV 1) Tamil Seel ion 

(3) IV 1*' Malahar Coastlaiids 


.\ fiioderii dialect of Tamil but confined to the Kast (Malabar) coast. 
Dilfcreiicc due t<» foreign influences by sea and through the l*alg1iat 
thi]). Hence half a dozen diaiect.s within a oniple of hundred miles. 
Cochin murals u prominent art. 


(3) V A Central M.'issif 
(Ceylon) 

(3) V P. S.W. Wet Lowlantls 

(Cevloii) 


The only other language found in Ceylon and yet belonging to the 
Iiido-Aryaii group. I'urtliermost *>Hslioot of the culture of the 
culture of the ancient ix.'oples witli Veddsilis living as a .separate 
cokmy of alKiriginaU within the Hinthaiia forest belt. Influence ot 
Ihiddiiisin so far. Mingling has taken place between the Tamils and 
Sililialose in llie island. An Aryan migration from the Cange.s Ilasiii 
to Ceylon, with Sanskrit ami Pali culture, ])ressed down by the old 
Tamil folk from the northern drier parts and now occupying nearly 
three-fourths (S.W.) of the. island, with gems ami graphite mines, 
ruhher ami lea plantations ami paddv fields. A thin rural popula- 
tion of Buddhists, rich due to the riches of the island and high-elas.s 
but more luxurious and backward than tlie hanl pressed Tamils 
in the iiortli. Rejuvenation of the rivers of Cexlon must keep the 
pt^iple and their culture ever alive. 


SUMMARY Ob* TIIK TABDK. 


Major riiysiographic Division 


Provinces and Sections covered 


Number of Cultural Regions affected 


(1) The Kxtra IVninsular Mounlains| 

(2) The hid<»-Gaiigelic I’laiii | 

(3) The Penin.sular Are;i 


21 

22 

27 


12 

5 


Total (3) 


Total 70 


Total 23 




476 SCIENCE AND CULTURE Vol. IX, No. 11 

ASTRONOMICAL WORKS OF MAHARAJA SAWAl JAI SINGHJI 


B. N. TEMANI 


A CCORDIXG to Can-ett, of the five observatories 
coiistnu'lcd by Maharaja vSawai Jai Singh — ^the 
one at Delhi was built tirst of all in 172^ A.D., the 
largest and the most perfect was built at Jaipur in 
while those at lieiiaras, Ujjain aud Muttra were 
built afterwards. 


On the refusal of Farrukhsiyar to accept his 
help, jai vSinghji appears to have returned to his 
capital and to have enjoyed three years of uninter- 
rupted quiet. He took 110 part in the subsequent 
struggles for the throne of Delhi which tenninated 
ill 1721 with the destruction of Syeds and the acces- 
sion of Muhaniinad Shah. During this period and 
afterwards Jai Singhji devoted himself to his 
favourite i)ursuits, astronomy and history, and built 
his observatories at Delhi, Jaipur, Uijain, Kenaras 
and Muttra, but very early in Mcjhamiiiad Shah’s 
reign he was appointed froveruor of the provinces of 
Agra aud Malwa. So highly was his learning and 
science esteemed, that Muhammad Shah especially 
a]jpointed him to reform the Calendar aud to make 
observations to correct the astronomical tables in 
use. After seven years* work, Jai Singhji brought 
out, aud in 1723 published, his tables, the “Zecch 
Muhammad Shahi” named after the Emperor 
Muhammad vShah. One manuscript copy of it is in 
Pothikhana, Jaipur, and a complete Persian manu- 
scrii)t copy is at the British Museiiiii. 


Jai Singhji appointed Sam rat Jagannath a 
Maratha Brahmin, who was one of his most eminent 
astronomers — as his Guru. The book \Samrat 
Siddhanta* was written by him. He also had a good 
knowledge of Arabic and could translate from, and 
into Arabic. He translated Claudius J^tolemy’s 
*synl(ixis* (astronomical treatise) from its Arabic 
version known as *Almajisia" into Sanskrit. This 
book is called 'Siddhania Sara Kauslubh*, and is 
available in Pothikhana. He also translated the 
whole of Kuclid’s ‘lilcntenls of Geometry* from Arabic 
into Sanskrit. It was named *Rekha Canil*. It is 
aIvSo available in Pothikhana. 

vSjimrat Jagannath was the son of Gaiiesh and 
grandson of Vitlial. He got village Maiiga-Bhata 
for Rs. 2,000/- per anniini as Dakshina on account 
of his teaching Gayatri Mantra to Maharaja vSawai 
Jai Singhji on the occasion of the latter’s Yagyopovit 
(holy thread) ceremony held on Chait Bud 3rd 
Samvat, 1771. He al.^o began to teach the Vedas 
to Maharaja Sawai Jai vSinghji from Jeth Bud i3tli 
Samvat, 1772, Sal-Sanivat, 1771, on the completion 
of which he was granted village vSri Kisliaiipura for 


Rs. 6(x)/- per aiiiiuiii. The custom of teaching 
Gayatri Maiilra by the descendants of Saiiiarat 
Jagannath to the Rulers of Jaipur is observed up to 
the i)reseut day. 

'I'he present descendants of Sainrat Jagannath 
hold seven villages yielding an income of 8 to 10 
thousand rupees per annum. 

Pandit Keval Ram was also one of the prominent 
astrologers in the service of Maharaja Sawai Jai 
vSinghji. He was aii Uddanibri Gujrati Brahmin and 
belonged to Modhasa (in Gujarat) whence he came to 
Jaipur. Maharaja Sawai Jai Singhji was pleased to 
confer on him the title of ‘Jyotish Rai’ which up to 
the present day is enjoyed by his descendants in 
Jaipur. He wrote the following seven books: — 

1. fai Vhiod 

2. Vibliag Sarui — Sfinskrit Iraiislatiuii of Logaritliinie’s 

tallies of N'apier. 

3. Mithya Jhx'achUayn Sanii — on Uit- Ijasis of n fK^iK.’li work. 

4 . Diig Paksh Sarui) . / 1 1 . 11 

5 Dng Paksh J oasis of tk* la Hires tables. 

0. Tara Sami on the basis of Ulugh Beg’s book with 
fieeessiiry iiUHlificatioiis. 

7. lirahmpaksh Niras. 

All these books arc in Sanskrit manuscript and 
are very helpful in the preparation of Panchanga and 
ill the calculation of the position of Grahas (planets), 
Tithis (lunar days), Xakshtras (position of stars). 

The i>resent descendant Pandit Nandlal Jyolish 
Rai is designated as Darogha, Jyotish Yantralaya. 
He hoUKs a land grant of Rs. 1,500/- per annum, 
lo Jyotishies (astronomers and astrologers) work 
under him ; all of them have land grants. 


Not content with observations in India and the 
information contained in books, Sawai Jai Singhji 
sent out several skilful observers lo other countries. 
Thus Muhammad vSharif, a Mohammadau, was sent 
to some i»laces in the Southern latitude, and Muham- 
mad Melid' to the further islands. In 1728 Father 
Figueredo, a Portuguese Jesuit, was .sent to Portugal. 
At Maharaja Jai Singhji *s reiiuest two priests 
set out from Chandranagar in 1734 ; one of them was 
h'allier Boudier and the other Father Andre Strobel. 
The niajis and globes of the Feringhes (Europeans) 
were obtained from Surat. 

The names of the early astronomers and mathe- 
maticians referred to in works attributed to Maharaja 
Sawai Jai Singhji arc: — 

Euclid 

Hipparchus (Abarkhas) ... 

Ptolemy (Vitlamayns) 

*Ahd-ul-Rnhiiuiii b. ’Oinar abul-Husniii 
ul-suB 

Nnsir al-Diii al Tusi ... 

*Ali b. Muliaininad al-Sayyid al-Sharif — 


Circa 

B.C. 

290 

II 


1.30 


A.n. 

150 

Died 


986 

lk)rn 


1201 

— 

n 

1339-1414 
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Jamshid b. Mes *nd Jijat al-Diii al- 

Kashi ... ... ... Circii „ 1440 

Ulugh Beg ... ... ... Died „ 1449 

Maulaua Chand ... ... ... Circa „ 1550 

Of those who came actually into personal con- 
tact, with Savvai Jai Singhji names of the following 
de.serve mention; — 

Muhammad Sharif, Muhammad Mahdi, Padre 
Manuel Figueredo, Father Andre Strobel, 
and his companion, Father Claude 
Houdier, and Don Pedro de Sylva. 

Don Pedro dc Sylva, who, according to Hunter, 
was a pliy.sician and an astronomer, resided at Jaipur 
with Jai vSinghji. De Sylva died about A.D. 1702. 
His descendants still hold one village in Tankha and 
one ill Inam. 

Sawai Jai Singhji posse.ssed at least some of the 
works of Ptolemy, Ulugh Meg, P. de la Hire, J. 
h'lamsteed, and also certain Kuropean astronotnical 
tables and mathematical text-books. He had, as 
mentioned already, Ptolemy’s 'Almagest" translated 
into Sanskrit, and a text on the astrolabe compiled, 
and he brought ui) to date Ulugh Meg’s celebrated 
catalogue of stars. The instruments them.selves are 
evolved from the types used by the Muslims, and 
Jai Singhji’s inspiration was avowedly of Mitslim 
origin. 

Jai Singhji copied the instruments of the obser- 
vatory at Samarkand. His masonry instruments were 
designed after the notions taught by the Muslim 
a.stronoiners and had absolutely nothing in common 
with those described in Hindu works. 

Jai Singhji himself refers to Ua Hire’s table and 
lo other Kuropean tables and in the palace library 
at Jaipur a copy of Flamsteed’s great work is still 


to be found. La Hire was a French scholar of repute 
who lived from 1640 lo 1718 A.D. John h'lamsteed, 
the first Astronomer Royal, lived from 1646 to 1720 
A.D. 

The old fort at Muttra known as Kans-ka-Kila 
was rebuilt by Raja Man Singhji of Jaipur. On the 
loi> of this fort Jai Singhji built the last of his obser- 
vatories. 'I'he whole of it has now disappeared. 

The work on Hindu ritual, viz., 'Jaisingh Kalpa- 
drum*, giving detailed descriptions of fasts, penances 
and devotions, to be observed on certain days, with 
the appropriate hymns to be recited was written by 
Pundarik Ratnakar, one of Jai Singliji’s Ourus. It 
was finished in 1714. 

Pundarik Ratnakar belonged to a Maharashtra 
family of Sliandilya Gotra and was the sou of Deo 
Mhatta, a resident of Meiiaras. The family of Mhatta 
Ratnakar came to Amber in Samvat 1764 (1707 A.D.). 
Ill Samvat 1765, Mhatta Ratnakar was granted 
Rs. 4,000/- for Vershasaii. The sum was enhanced 
to Rs. 8,000/- and the title of ‘Mralima Alurti Vaj- 
paiji’ was conferred on him in Samvat 1767. In 
Samvat 1768, he was graiihd another title of ‘Miahnia 
Murti Pundrikji* and the Vershasaii grant was fur- 
ther enhanced to Rs. 12,000/-. This grant was still 
further enhanced to Rs. 25 ,ckk)/- and Rs. 35,000/- 
in Sam vats 1770 and 1771 respectively. 

In Amber there is a tank named Ratna Sarowar 
after his name. In the centre of this tank, there 
is a tomb wdiere his ‘foot print’ (Charan Chinah) still 
exists. 

I'he present descendants of Pundarik Ratnakar 
ill Jaipur are Padmakar and Umakar. .They enjoy 
a land grant of Rs. 3»5ot)/- and Rs. 2,500/- respec- 
tively. 


SIR JADUNATH SARKAR ON JAI SINGHJI’S WORKS ON ASTRONOMY* 


Why Jai SiNfiii mjii/r iii.s On.sKRV.\TuKiK.s 

^OL. JAMES TODD, not a very friendly critic of 
Sawai Jai Singh, has admitted that “he erected 
nioiiuments which irradiate this dark [leriod of the 
history of India.” And, indeed, no hi.story of Jai 
vSiiigh w'oiild be complete without an account of his 
astronomical .studies and observatories, which are the 
greatest contribution of the House of Jaipur to the 
enrichment of India’s cultural life. “Jaipur became 
the refuge and sanctuary of Hindu learning, and it 
was from thence that Colonel Polier procured in 
* 77 Qi the first complete copy of the Vedas, which 
he afterwards presented to the British Mumeum.” 

*Itxtracts from the History* by Sir Jaduiintli 

«arkar, kindly sent to us by Mr G. N. Bansal. 


(An English Officer, writing in the Calcutta (iovt. 
(iazette, 1820). 

Five of the astronomical observatories built at 
Delhi, Jaipur, Ujjain, Muttra and Benares by him 
still survive. Their genesis is thu.s given in his own 
words in the preface lo his Table of Stars named 
/ij-i-Muliamniad Sliahi, in which he speaks of him- 
.self in the third person : — 

“This admiring spectator of the theatre of infinite 
wisdom . . . was, frotn tlie. first dawning of reason in lii.s 
mind and during his progress towiirds maturity, entirely 
devoted lo the study of mathematical science, .... and 
hy the aid of tlie Supreme .Artificer he obtained a tliorougli 
knowledge of its principles and rules. He found that the 
calculation of the f)lac.es of the. stars, as obtained from the 
tables in common use (Sanskrit, Arabic and I{uroi)ean) in 
very many cases give them widely different positions from 
those determined by observation especially in the appear- 
ance of the new moons. Seeing that very important affairs, 
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l)oth rejL^artiin^ rcliKioii the acliniiiislnition of tlii* 

I{in])ire, rleptiiil iipuii these, ... he represented (he iinitter 
to the Einpernr Muhaiiiiiind Sh.nh, who wn.s pleased to 
reply: 

"Sinee yon, who are leariietl in the mysteries c»f seienee, 
have a perfect knowled^^e of this matter, having assembled 
the astroiKiiiu-rs and geometrieiaiis of the faith of Lslnm, and 
the Jlraliiiiaii.s and r.indiis and the astronomers of Europe, 
and havini* prepared all the .'ipi)aralns of an ohservatory- 
do Mill so lalioiir for the aseertaining of the point in cpies- 
lion, that tlie dj.-agreenient between the ealeulaled times 
of those pheii'inuna an<l the times which they are observed 
It) hai)pen, iiiav le nctilied." 

“So Ilf ijai Singh) constructed at Delhi several iiislrii- 
nient . for asiroiioniii'al oh^ervatioh. Ihit liiiding that brass 
insiniiiunts tlid not come up to thi^ ideas which he had 
formed of accuracy, because of the smallness of their si/e, 
the want of dixisioii into ininntes, (he shaking and \v(‘aring 
of llii-ir axes, the shifting of tin* idanes of the instruments 

etc he conslructeil in Delhi inslrunients of his own 

invention, of stone and lime of perfect stability .... such 

as jai Praka-'li, kani Vaiilra ainl Sanirat Vanlia 

.\iid, 111 onli-r to verify the tniih of the.se oli.servalioiis, he 
coiislructcd iiislrnmciits <if the same kind in Siwai Jaipur, 

;^liiltra, lienares and rjjain, so that e\ery person 

wliti is de\oleil to these studies^ whenever he wished to 
ascertain the place <if a sl:ir might olmervt* the phenonien:i. 

‘‘but seeing that in many cases it is necessary to deter- 
mine iiast or future phenomena, and also that — tlie oppor- 
lmiit\ «if ai'ce^'s to nn ( thservalory may be wanting— be 
• leeincd it necessary that a tahle be constructed by means 
<if which the daily ])laccs of the .stiirs being calculated everv 
year and disposed ill a calemlar, may alwavs be in readiness. 

“After having constrticte<l these in.siniiiieiiU, tin* phices 
of the stars were daily ohserve<l. After seven vears had 
been sjieiit in this eni]>1o> inent, inforiiiatioii was received 
that tibscrvatories had been cotistnicted in Eiiro|M* ami that 
the learned of that country were employed in the jirosecu- 

tioii this important work l'«ir this reason, having 

sent to that country several skilful persons along with 
Padre Manuel (<le I'igneiredo) he pro«'ured the new tables 
(of stars) which had been published there thirty years iH-fure 
iiiidcr the name of Pere tie la Hire {Tabulae Aslronomicae, 
eonipleled in 1702) as well as the ICiiropean tables anterior 
to these (especially Ulamstced’s Ilistorla Coclcsih Britanuica, 
1712-1725.) .... (.>11 comparing these tables with actual ob- 
.servations, it appearwl that there was an error of half a 
degree in the ftiriner in assigning the moon’s place, ami 
there were also ernirs in the other planets, although not .so 

great, — especially in the Limes of the eclipses 

Ilciice he conclmled that, since in Europe astronomical 
instruments have not been constructed of such a si/e and 
so large diatneters, the motions which have been observed 
with them may have dcviateil a little from the truth.” 

Hence, on the ba.sis of liis own long researches, 
he constnioted and published his own astronomical 
tables, named after his suzerain as /ij-i~Muliammad 
Shahi, ill 1733. 

Jai Si.noii r.ATiiKRS Scikntific 1Cnowi.kik;k from 
Kurofkans and am. Tiiii World 

With no less catholicity of mind than wisdom, 
vSawai Jai vSingh called to liis aid the best scholars 
of the Hindu, Muslim and Kiiropcan worlds. 
He took Jiis first lessons in Hindu astronomy from 
Jagannath Pandit, who later translated at his 


command the ancient Greek scientist Ptolemy’s 
\Syniaxis' from its Arabic version 'Almagest\ into 
Sanskrit under the name of ‘Sidhania Samrai* (also 
known as \Siddlianta Sar Kausiuva*). 

“Jai vSiiigh collected and studied all the avail- 
able atroiiomical wurks.** (G. R. Kaye). P'or'the 
purpo.se of ac(]uiriug manuscripts of the great 
mediaeval Musliiii aslronoiners and apparatus, and 
also for making observations, he deputed Miihaininad 
Sharif and Muhaminad Mahdi abroad. “Several 
Fuiropeaii works were translated into Sanskrit under 
his orders, particularly luiclid’s ‘Fslemcnts*, with a 
treatise on plane and spherical trigonometry, and on 
the cfinstruction and use of logarithms, .... and 
also a Irualise on conic sections. . . . Maps and 
globes of the b'eriiigliis were obtained from Surat.*’ 
(Kaye). 

Hut lie would not be content unless he could 
tliieiicli his thirst for knowledge at the very fountain- 
head of Tvnropean .science. For this purpose he sent 
a rctiuest to the King of Portugal, through the 
Vicero.v of Goa, for a learned luiroi»can scientist and 
also a physician to be .sent to Jaipur, w’ho.se expenses 
he would pay. The scholar chosen was Padre Manuel 
<le Figueiredo, the Superior of the “Mogor Mission” 
at Agra. He left ('loa about 6th November, 1730 
for Jaipur, w hence he was afterwards sent to Kungie 
with money for buying books and inslrunients. The 
doctor wlio accompanied him to Jaipur was Pedro 
da Silva Eeitao, wlio sellled at the Kachhw’a capital 
and whose son or grandson, .Xavier da Silva, known 
as “Hakim Shewair”, was an influential courtier in 
F/QC). Hut in the twentieth century his desceiidaiiLs 
have sunk very low' owing to ignorance and 
economic decay. 

Next came, by the Rajah’s invitation, two 
French Jesuits, Claude Houdier and another, w'ho 
left Cliaiideriiagore on 0th January 1734 reached 
Jaipur after taking astronomical observations on the 
way, at Benares, Muttra and Delhi. Andre Strobcl, 
a Bavarian Jesuit, arrived by ship at Goa on 3otli 
September 1737, reached Jaipur on 4th March 1740, 
and after passing some years at Jaipur, went away 
to nii.s.sion work at Narwar in 1749. (He died at 
Agra in 1758). Another Bavarian Jesuit, Antoine 
Gabclsj)erger, accompanied him to Jaipur but died 
next year. Jai Singh’s observatories thus had the 
benefit of the latest state of scientific knowledge in 
Kurope. 

Jai Singh’s Ciiikf Astronomical Instruments 

'I'echnical details and a precisg appraisement of 
the scientific value of each instrument* in these 

* I'or an account of Jai Singh’s astronomical instruments, 
the readers are referred to “Maharaja Sawai Jai Singh H 
(1686-1743)” — by Prof. M. F. Sounawalla, pnblished in 
Sci«.\cK AND Culture, April, 1944.— Rd. Sc. & Cul 
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observalories would be out of place in a history like 
this. For them the reader is referred to A. H. 
(larrett and C. Guleri’s The Jaipur Observatory and 
its Builder (1Q02), G. R. Kaye’s memoir in Vol. 40 
of the new Imperial series of the Archaeological 
Survey of India, and the last-named writer’s short 
but useful (iuide to the Old Observatories at Delhi, 
Jaipur etc. (1920). These works supersede earlier des- 
criptions like those of TiefTenthaler {c. 1745) and 
Dr W. Hunter (1793)- 

The final ai)i>reciation of his scientific achieve- 
ment can be best f'ivcn in the words of a specialist 
like G. R. Kaye. 

“The Hindus had no inslniineiil of precision liefore J.o! 
Sitigh’s time; iieillier were they interested in niakiiij^ prae- 


lical observations of llie heavenly bodies; their inks and 
the elements f'iveii in their appr«»ved works suHiced ihein. . 
Hut the work of Jai Sin^h was exactly of that nature which 
ditfcreiiliatcs between the two scIkioIs, —Hindu and ^Insliiii 
astronomy. What the Mnsliin astroiioniers had, ainl what 
the Hindus lacked, attractctl Jai Si!i)?h. 

“That jai Siii}j:h iii.ule no new aslroiuuiiical discoveries 
is hardly a fair criterion of ihe value «if his w«»rk ; l•'r, 
indeed, a j^reat deal of the most \aliiable astronomical work 
is nol eoncerneil with new discoveries. His avowed object 
was the rcctific.ilion of the calendar, the prediction of 
eclipses, Jiiul so on. Considerinjt; the state of the loiiiiliv 
in which Jai Siii;rh lived, the political anarchy of Ills time, 
the ignorance of his c»)iileniporaries. and the diriiciilticM in 
the way of Ir.insinissioii of knowleilyie, his scheme of aslro- 
inanieal work was a notjible Diie, aiifl his uhservatories si ill 
hirni noble, nionmiicuts of a rciiiarkable personality. “ 
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IJR. S. CIlANDRASltKllAR who has canted iiilcr- 
natioiial reputation as one of the foremost astro- 
physicists of the present time had his early trainin.i* 
in the Madras Presidency Collcj>:c. liven as a student 
at the early aiLje of nincleen he completed a |>iece of 
oriLpiial work on “Compton Seatterinij and the 
New Statistics**, which was jmblished in the /*m- 
crcdhifis oj the Uoyal Society, boiidon, in 1929. 
This work is an extension of a paper by Dirac and 
deals with Compton ScatleriiiK hy electrons in the 
atoms. It is clear that electrons havin;.; different 
momenta will produce diiTereiit Compton .shifts and 
the intensity of any particular shift will depend on 
tile number of electrons in that state. It is well 
known that electrons in the atom oliey hVrmi- 
slali.slics. Chandrasekhar, by takini* the I'ermi- 
di.'iiribntion law for electrons showed that the dis- 
trihiUioii of the intensity about the primary frc(iueucy 
for the scattered ladiatioii was parabolic, whereas an 
c\i>uiiential distribution of the jnteiisity was o1)taincd 
In Dirac by assuiniii>2 ^faNwell-Holl/manll Statistic.^ 
for the electrons. Coni]jloii Seatterini; is usually 
calculated for stationary electrons. Chandrasekhar’s 
Work may be said to be an extension of the theory 
of Compton ScatleriiiK for the electrons in motion. 
Tile parabolic distribution law’ as found by Chandra- 
sekhar appears to be confirmed by observations. 
Tliis work clearly showed the zeal and eiitlmsiasin of 
youTis Chandrasekhar and his keen interest in the 
nio.st recent developments in physics, for it was oiily^ 
i*i 1929 that Fenni-slatislics came into existence 
and its great practical importance was realised by 
Pauli and Sommerfcld in 1938. Unlike otber brillianl 
students Chandrasekhar never sat for any of the 
competitive service examinations, but a (b)verniiient 
•Vholarshi]) enabled him U) proceed to Cambridge 
‘dter^ his graduation from the Madras ITiiiversity. 
*Phe stay at Cambridge gave him great 


oppoiTnnities to study the applicati«)n of the new 
statistics t<) problems of Astrophysics. He was 
initiated in this fascinating <If)main of science 



I'rof. S. Cliamlra'sfkliMr 


by the work of Prof. Milne wlio was then trying 
tf> establish a new stellar model in which a 
star was conceived to po.s.sess a dense core contain- 
ing I'ernii electrons, and a gaseous envelope sur- 
ronnding it. h\)lh)wing Milne, Chandrasekhar worked 
out a very exhaustive theory of white d\\*ttrfs, a type 
of stars which remained a piiz/lc* to the astro- 
pliysieisls for a long time. These stars have normal 
masses «)f the order of the sun but relatively very 
small radii ; they are uiiderlumiiious, i.c.,, relatively 
very much less bright, and are characterised by 
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abiiorinally high doiisiiies one cubic inch of the 
stellar matter weighing about a ton. Tlie electrons 
in such stars accorfling to the new theory should 
obey the P'erini-distribution law, and arc called 
dcj^cncrate in technical language. ]{ddington showed 
some years earlier that there is a definite relation 
between masses of stars and their liiininosities, i.c., 
the total amount of radiation they emit in one 
second, wliich is known to astro-physicists as the 
Mass-Liiniinosity relation. Chandrasekhar found 
that there is a corresponding relation between the 
masses and the radii in case of white dwarf stars. 
The detennination of stellar masses is rather difll- 
cult, and a direct determination is dependent on 
some fortnitoms. circumstances. But hMdingtoirs 
Mass-Luminosity relation for gase«jus .stars enables 
us to determine in a rough way their nia.s.ses when 
their luminosities can be measured. Chandrasekhar's 
lUass-Uadius relation serves the same puiu)ose as 
regards determination of masses of white dwarfs from 
their radii. 

His investigations led him to the further 
striking result that the career of a star depends on 
its mass, and there is a critical mass value whicli 
sharply tlivides the paths of evolution of stars. If 
the mass of a star be less than 575 tiuies the mass 
of the sun divided by the S(]uare of the mean mole- 
cular weight of the stellar material, the degeneracy 
of the electron gas in the interior of the star will 
always I)egin at a certain stage of its evolution ; 
whereas for stars of larger masses the electrons will 
always remain in the slate of iKifeet gas. A star of 
.smaller mass than this critical one will therefore, 
in cf)urse of evolution when the source of its energy 
is exhausted, end its career as a white dwarf. For 
stars of larger masses the situation is (|uile different. 
Such a star will behave as a perfect gas sphere and 
cannot allow the growth of degeneracy within itself. 
vSo in course of evolution the star will first radiate 
all energy that can po.ssibly, be produced within 
it, and then shorn of every internal energy-supply 
it will continue to contract. But degeneracy is not 
allowed even under great pressure produced by con- 
traction as long as its mass is above the critical value. 
It gets an opportunity to escai)e from this situation 
when the pressure of the (low of an immense aitioinit 
of radiation though it becomes enormous. The star 
is blown up and .some matter is ejected from its 
outer parts till its mass falls below the critical ma.ss 
mentioned above. The paths then oi)en for it tt» 
follow the career of a while dwarf. There is a class 
of stars fre(iuently observed which stiddenly burst 
forth as it were, and rapidly increase in brilliancy 
even to a value more than a million times the bril- 
liancy of the sun, and then slowly decrease in bright- 
ness and often become so dim ultimately that they 
can be observed only through a very high power tele- 


SCOI3C. These are known as Nova and a particulai 
class which appears to radiate a large part of its 
iiia.ss is known as Supernova. During the flare-up of 
a Nova or Supernova, spectroscopic analysis reveals 
that its hot ga.seous mass is expanding outwards with 
terrific velocity. Chandrasekhar connects such a 
Nova or vSupernova phenomena with the bursting of 
a contracting star. The theory has not yet reached 
its final .stage as niucli ohscrvatioiial material must 
be collected before a full confirmation is possible. 
It has, however, found a certain amount of support 
ill the discoyery of the “Crab Nebula** which is an 
extensive luminous cloud formed pcrhai)S by the gas 
masses expelled during a Supernova explosion in the 
year 1054 A.D., wdiich was observed by Chinese and 
Japanese astronomers. The central star of the Crab 
Nebula has been found to be a white dw'arf of mass 
comparable to that of the sun. Chandrasekhar has 
done c-vtensive researches on the problem of internal 
constitution of stars. His famous book 'The Inlro- 
duciion to the Study of Stellar Structure’ contain^ 
indeed only a selected portion of his valuable con- 
tributions to the .subject. Besides he has also given 
a theory of the chromosphere, /.c., the gaseous outer 
enveloi)c of the sun and stars. 

Chandrasekhar now' appears to be greatly 
absorbed in the prolilems of stellar dynamics, 011 
which he has already [mldishcd two comprehensive 
articles in the Journal. Ilis mono- 

graph on tlie .subject “Principles of vStellar Dynamics” 
is unfortunately not yet available in India. In this 
treatise, he is said to have very elegantly develope<l 
the dynamical methods of interpreting the motifnis 
of stars in the galaxy, spiral nebulae and .st.ir 
clu.sters. 'I'his book, according to its reviewer in 
Science, .should exer'. a j)rofouiid influence on the 
future developments in the field of galactic dynamics. 
Chandrasekhar has been developing in the recent 
i.ssues of the Astro^pliysical Journal a statistical 
method ai>]>licable to the large scale gravitational 
field of '^tellar worlds. An introducton to his ideas 
may be obtained from his masterly article on the 
“Stochastic Problems in Physics and Astronomy” 
published in the Review of Modern Physics, Vol. r5, 
19 - 13 - 

Apart from the intrinsic merit of Chandrasekhar’s 
work his extensive contributions to astro-physical 
literature show his immense caiDacity for taking i)ainb 
• e.specially in the line of numerical work, and his 
mathematical analy.sis is marked by a scrupulous 
care for rigour. He was invited for a lecture lour 
to Soviet Russia in 1934, and was for some ihw 
As.socialc Profe.ssor of Astro-physics in the Harvard 
University. He held for a time a Fellow.ship in the 
Trinity College, Cambridge. Lately he has been 
appointed Profe.ssor of Astronomy at the famous 
Yerkes Observatory under the University of Chicago 
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and has Katlicrcd round him an enthusiastic band of 
younger Aincricaii workers. 

Chandrasekhar is a son of Mr C. Subrahinanyani 
Iyer, elder brother of tlie famous idiysicist, Sir C. V. 
Raman, who retired some years a^o as Accountant 
C'leiieral from the service of the (Government of India 
and is an amateur musical critic. It is a pity that, 
even a man of Chandrasekhar’s stam]) could not be 
offered a post befittinj^ his abilities in the country of 
his birth. We are, however, Rlad to learn that 
attempts are bein>* made to j-et him back to India. 
Tlie amount of scientific talents in tins country is not 


.so large that we can s])arc a man of Chandrasekhar’s 
type, lie should be in this country, training our 
young hopefuls in the methods of science, and if he 
is allowed to remain longer in the I’. S. A.*, the 
gain will be all on the side of that country, and the 
loss will be India’s. 

N. C. M. 

IluL ill spin* Ilf tlie .'ippreciiilioii of the Aiiierii aii men 
of si’ietiee for C'li.-tmlrrisoklKir, is it not soiiiewlnit shiu kiiig 
to liiitl tliiit, niTo riling to S. A. law, lu* ^.•alln('t he a 
citizen of that country Ivl. Sc. & CiiL 
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ROYAL SOCIETY PRESENTS •PRINClPiA* TO THE 
ACADEMY OF SCIENCES 

Tiik recent preseiilalion of a copy of Newton’s 
celebrated work * I'rincit^ia' to the Acailemy of 
Sciences of the IJ. S. vS. R., at the rccpiest of the 
Royal Society, represents another .significant atleinpl 
at promoting a feeling' of good will and nmtnal co- 
ojieration among men of science of these two great 
countries. According to a re])ort in Xalurc, the 
occasion was celeliraled by an interesting ceremony 
which took place in Moscow on January (>, 

H. M. Charge d’ Affaires presented u copy of the 
first edition of Newton’s 'Piincit^ia' to a ileputatioii 
representing the Soviet Academy of Sciences. Tin* 
IM'eseiit was furtlier accompanied with the original 
draft of a letter by Xewlon to Prince Alexander 
Menshikov, informing the latter of his election to the 
fellowship of the Royal Society in 1714. It may be 
noted that Prince Menshikov, a distinguished figure 
at tile time of Peter the (Great, was the first Russian 
to he chosen for this Pritisii honour. The book was 
handsomely bound in polislied Levant Morocco and 
contained a sheet of vellum on which the signatures 
of the President and Council of the Royal Society, 
authorizing the gift, were recorded. The President 
of the Academy failed to be present at the time of 
l)re.sentati<)n owing to indispo.sitioii and his part was 
played by Acadeniician Baykov, the first Deputy 
President. It is further stated in the reiiort that 
Ike Academy now appears to be the only scientific 
body in the U. S. S. R. to possess a coiiy of the first 
edition of Newton’s monumental work. 


INDICTMENT OF IMPERIAL CHEMICAL INDUSTRIES 
AND DU PONT DE NEMOURS 

Tjfi? recent announcement of the IJ. S. (Govern- 
ment’s indictment of the Imperial Chemical Industries 
(I. C. 1 .) and Du Pont de Nemours of TL vS. A. for 
having violated the vSIierman Anti-Trust Act has 
excited much comment in the Press all the world 
over as an event of far-reaching conse(|Ueiice. These 
two gigantic chemical firms on the Iwri sides of the 
Atlantic formed an internalioiial combination or 
cartel wliich is now alleged to be contrary to the 
Anti-Trust Laws. Acconliiigly charges have ])een 
broiiglit against l.ord McCiowan and Lord Melchett, 
of 1 . C. 1 ., Mr Lamnnnt Dn Pont, Chairman of the 
Du Pont De Xemonrs and Mr \\\ S. Carpenter, 
President of the Remington Arms Company, and 
several others. 'I'he inclusion of such distiiignishe<l 
personalities as two British jieers in the list ()f the 
accused has naturally made the news all the more 
exciting. 

Combination of Big Bn.siness nr the cartel .system 
in the field of international trade has been for a long 
lime a recognized practice under capitalistic economy. 
The indictment appears to liave dealt a major blow 
to the cartel .system and have raised the important 
qiiesticm whether the captialisl countries liave at long 
last really decided to do away with a system that 
fouml so much favour until recently. While it is 
well-known that the cartel sy.slem iindoiibledly intro- 
duced great orderliness, the same system gave rise 
to secret agreements involving the control of iwiccs 
and of com])etitiou in a manner often injurious to the 
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interest of the consuineis. I'urtheriiiore, the sj’stcni 
was held resi)oiisible for shortaj^e of essential mate- 
rials and of skilled industrial labour dnriiiK war and 
unemployment and closiiii; of plants during peace and 
led to concentration of power which was not infre- 
(lueiilly abused in the hands of such coinbinalions. 

In this connection the recent incidence of a 
cordile charge explosion at the I. C. I.*s (Glasgow 
office may be nieiilioned. Three Scottish youths, 
api>arently belonging to the junior branch of the 
Scottish Nationalist Party, placed a tin containing 
5 lb. of cordite at the door of the 1. C. I. offices in 
Glasgow and caused an explosion. It was revealed 
in course of investigation that their action repre- 
sented a political demonstration against the company 
which, they were of opinion, planned to strangle 
vSeottish economic life. This incidence was shortly 
followed by another explosion at the same premises, 
believed to be caused by five hand graiiades that 
shattered the basement and ground-floor windows. 

The Scottish ex]dosions at any rate demonstrate 
the conimoii people’s susi>icion for the inteiilams of 
Dig Ihisiness in their own country at a time when 
Great Ikitain is involved in a life and death struggle. 
And again while Great Britain and U. S. A. have 
joined hands in destroying their common enemy and 
introducing a new world, news comes of the U. S. 
Government’s indictnienl which is so damaging to 
the prestige of the two great and representative 
chemical companies co-operating with each other, it 
is alleged, for the establishment of world monopoly. 
Lord McGowan has, however, defended his stand by 
stating that such scheme of international co-ojicration 
in industry would be necessary in any orderly plan- 
ning for post-war industry. The>se are events which 
forebode a general offensive against India’s nascent 
chemical itidustries in the years to come. Indian 
chemical concerns will do well to watch and orga- 
iii/e a defensive in time. 

SOLAR ECLIPSE EXPEDITION 

An exiiedition of leading Mexican astronomers 
to observe the total solar eclipse on January 25, from 
Peru was jointly sponsored, according to a report in 
Science, by the Mexican Pederal Govern iiieiit, the 
State of Puebla and the University of Mexico. The 
expedition l^eaded by Dr Joaquin Gallo, Director of 
the Mexican National Observatory at Tacubaya 
included Dr Luis Knri(|ue Erro and Dr Carlos GraefT 
h\‘rnandez, Director and Assistant Director of the 
Astrophysical 01 )servatory at Tonanzintla, among 
other distinguished astronomers in the party. Dr 
Gallo is one of the im^st able and experienced astro- 
nomers to lead such expedition. He twk part in the 
ic/JS eclipse in Spain as a member of the Mexican 


expedition and in 1022 led the Mexican expedition to 
observe the total eclipse visible in northern Mexico. 

The two observatories at 'I'acubaya and Tonan- 
/.intla provided the necessary instruments and equip- 
ment, including modern eclipse cameras and spectro- 
grajihs. The instruments were set up at Cajamarca 
in Peru, where the total solar eclipse was expected 
to be visible with the best advantage. The zone of 
the l*)talily extended across South America through 
Brazil and Peru. Owing to war conditions, elaborate 
arrangement for ob.serving the eclipse could not be 
made. Kurthermore, this appears to be the only 
exjiedilion from North America, as no eclipse expedi- 
tion was reported to be arranged from the United 
vSlales of America this year. 

TRAINING IN SCIENCE AND TECHNOLOGY IN 
GREAT BRITAIN 

Tiik scientsts in Great Britain, it appears, are 
determined to give their Giovernmeiil no rest whatso- 
ever over the iiuestion of more and yet more expan- 
sion of scientific activities in all possible fields and 
directions. According to a report of the I^arliamcn- 
tary correspondent of the Times, about one hundred 
niembers of Parliament of all i»arties have recently 
urged the Government to take bold action to 
encourage scientific and technological training and 
to stimulate and co-ordinate research work of all 
kinds as an aid to post-war rei‘onstruction iiolicies. 
The motion has been signed by members mostlv 
belonging to the Parliamentary and Scieiitilic 
Committee. Tliere are also among them seveial 
members of the Tory Kehirm Committee. The sixni 
sors of the motion include .Mr K. \V. Salt, Lord 
Hinchingbrooke, Dr A. V. Hill, M. P. Price, Sir 
(reorge Schuster and II. C.raham White. The 
following is the text of the motion: 

“That this House, recognizing that if the United 
Kingdom is to maintain its position in the post-w.ir 
world and carry out effective i>laiis for physical re- 
constructii'n and social betterment, research and the 
ap])lication of scientific knowledge in all fields must 
be pronuked on a far bolder scale than in the period 
iQio-.v;, urges his Majesty’s Government forthwith : 

(1) To a.ssure the universities that in planning 
future developments for research, teaching, and 
higher learning as a whole they w'ill receive support 
from the State on a much larger scale than hitherto. 

(2) To arrange that education and training in 
schools, technical colleges, and universities shall he 
directed at the earliest date towards providing a far 
greater number of persons highly trained in science 
and technology. 

(.>] To set in motion sclienies to ensure a suh- 
.staiitinl and co-ordinated expansion of research 
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activity by private firms, c()-ni)crative industrial 
researeli ass(X'iations, and Slate and other research 
eslablishnieiits ; and to this end, to provide assist- 
ance by adjustment of taxation, liy more generous 
financial grants and throimh adetjuate priorities both 
in deniobili/ation and for materials refiuired for 
huildiim and eiiuipnient.” 

HEAVY INDUSTRIES IN BRITISH INDIA 

Thu All-India Maiuifacturers’ Organization, 
boinbay, has recently issued a nunioyraph to indicate 
the present position of Hritish India with regard to 
heavy industries and tlie possibilities of setting up 
new ones in future. The case of eleven jirovinces 
lias been reviewed sejiarately, and specific iiroblcms 
and the lines of future industrial development for 
each province have been briefly outlined. 'I'o give 
a rough idea of the industrial position of the various 
])n)vinces, the monograph has (pioted figures for 
income tax which these provinces pay in a normal 
year to the riovernincnt «jf India. The tax collected 
(luring 1^41-42 in bombay was Us. h‘<j7 crores, in 
beiigal Rs. O b; crores, in .Madras Us. 2' 17 crores, 
ill the I’niled Provinces Rs. 147 crores, and in the 
l uiijab Rs. crores. In biliar, Sind, Central 
Provinces and berar and Assam, the income tax 
revenue ranged between Rs. (\s and Rs. 25 lakhs, 
'file remaining two pro\iiices paid less than Rs. 25 
laklis. These figures are themselves significant and 
reflect the poor taxable cajiacity of the Indian jicople 
and hence the industrial backwardness of the country 
they inhabit. About 77 i»er cent of the jiopulation 
ill british India depend on agriculture, while only 
ro per cent are engaged in industry. It is needless 
t<» point out that there is a great scojic for estab- 
liNliing manufacturing industries in the various 
I provinces. 

The monograph has given a list of .some impor- 
tant heavy industries, c.j*., auloiiioliile, aeroplane, 
.sliij»-building, internal combu.stion engines, railway 
locomotives and power machinery generally, indus- 
trial machinery and machine tools, inni and steel, 
heavy electrical industries, special defense machinery, 
heavy chemicals, such as sulphuric, hydrochloric 
and nitric acids, chlorine, caustic soda, soda ash, 
dye-stuffs, and rayon. It is suggested that to start 
with each jirovince shouhl choose two of the above 
heavy industries for which the province offers best 
opportunities for development and immediately set 
to exploring ways and means to establish them. A 
Committee or a Board may be constituted with lead- 
m.g industrial magnets and business men of each 
province, who should select the iiidiislries and bring 
together men of resource and enterprise to organize 
J‘»int-stock companies, frame schemes and e.stimates 
imd keej) Ihenisclves ready to start the two heavy 


industries after the war. By such provincial drives, 
the monograph stales, all the key industries neces- 
.sary for industrialization of this country may Vie set 
up. What is wanted is that leading industrialists 
and citizens in every province should take immediate 
steps to help the iuduslrializalioii movement to the 
best of their opportunity while the war is still in 
progress. 

NEW THEORY OF ZODIACAL LIGHT 

TiiK origin of the zodiacal light formed the 
subject of an interesliiig paper by V. ( 1 . Fcsseiikoff 
ill Astro. J. Soviet Unions rg, No. 4 ; 1042, of which 
a summary has been jniblislied in a recent i.ssuc of 
tlie /Islrophysical Journut (qS, i2g ; 194 . 0 - There 
is common agreement about the fact that the light 
principally results from the scattering of sunlight 
by small dust particles. But the astrophysicists 
could not properly account for the existence of an 
oblate cloud of cosmic dust in the neighbourhood of 
the sun. b'esseiikoff now advances his theory that 
this cosmic dust has its origin in the collisions 
between sjioradic nietcfirs and asteroids. Such metco- 
rilic collisions with planets and satellites without an 
atmosphere are, however, established facts. The 
asteroids, it is proiiosed, suffer the same collisions 
producing dust particles which cannot be retained 
owing to the insufficient gravitational attraction of 
the asteroids. This jirocess of dust formation is par- 
ticularly active iJiroughout the a.steri)id zone. From 
his calculations, Fessciikoff concludes that a dust 
cloud produced in this way will form an oblate 
spheroid, with the sun at its ixutro, surrounded by 
a ilense ring of dust in tlie asteroid zone. The coni- 
cal zodiacal light then arises from this oblate spheroitl 
of ciKsiiiic dust, while the dense ring of dust in the 
zone of a.steroids is accountable for the uniform 
zodiacal band vi.sible along the entire ecliptic through- 
out the night. 

PREHISTORIC SKELETONS IN INDIA 

Thu Principal Information Officer, Oovernment 
nf India, has recently issued a note .stating that .1 
rich tirc-historic microlithic and bone iiidu.stry, be- 
sides remains of several jiartly fossilized hones 'and 
three incomplete human skeletons, has been dis- 
covered in Oujarat by the l)ireclor-(kMieral of 
Archaeology in India. The discovery of so many 
human and animal remains and a hone industry 
comprising tools and articles of decoration, such as 
beads in association with microliths, is the first of 
its kind in India. The archaeologists are of opinion 
that this discovery, properly inleriweted, may lead to 
results of the greatest importance for the study of 
early man in India. The expedition worked in co- 
operation with the Director, Deccan College Post- 
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(iracliiate and Research Institute, Poona, and the 
staff of the History Department. It has been con- 
dnctiiiK extensive excavations at Lan«hraj, Mehsana 
Prant, Paroda State (Gujarat). 

THE STRUGGLE FOR MARKETS 

Ai’koi-cKS the lulitorial in this issue, the following 
Reuter’s telegram from Xew York appearing in 
I iinilustlian Slniniard of 2h-4-iQ44 will be of interest. 

“The iVriv York Tijnes writes that American 
exporters charged on Friday that in violation of 
Lend-Lease the British arc processing lend-lease 
carbon black into news ink and exporting it to India, 
while the Controller of Imports in India refused to 
issue imi)(>rt licenses for American news ink. They 
said their Indian importers were advi.sed by the 
Controller last December that ‘mere willingness by 
exporters to supply goods is not suiricienl justifica- 
tion for isuance of licence to import goods from a 
iliflicult currency country*. The exporters pointed 
out that the I’nitcd States are virtually the only 
source of carboh black used for the manufacture of 
news ink and they are surprised to learn that Britain 
is lieing permitted to rob American ex])orters of their 
normal markets’. They addeil, ‘It .seems .strange 
that Britain has man power to spare to process 
United States raw materials in a business in which 
the United States has the lead.” 

This is verily the struggle for markets. 

INDUSTRIAL RESEARCH PLANNING 

Tine first meeting of the Industrial Research 
Planning Coinmittee was held at Bombay on March 
20, 21 and 22 last. 

The following were [iresenl — Sir R. K. Shanimi- 
kham Chetty, K.C.I.K., Seth Kasturbhai Lalbhai, 
Colonel vSokhey, Dr M. D. Qureshi, Dr Hamied, 
Dr S. K. Mitra, Sir S. S. Bhatnagar, Dr A. L. 
Sundara Rao. 

T'he Coinmittee was of opinion that a compre- 
hensive national register of all the persons riiialilied 
to conduct scientific and industrial research was 
essential and that the task of initial jirejiaration and 
maintenance of this register might be delegated to 
an unofficial agency like the National Institute of 
Sciences of India. For the purpo.se of preparation 
of this register the ininimuni qualification must be 
the ILvSc., B.K., or an equivalent degree in science 
or technology. 

The Committee further decided that a national 
register of persons actually engaged in .scientific 
re.searcli should be prejiared and kept uji-to-date from 
time to lime. This register should contain the names 
fjf those iiersons who after taking the University 
degree in science or its eciuivaletU are engaged in 
research work in univer.sities, research institutions, 
private laboratories, and industry. 
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I he Committee has undertaken the initial pre- 
paration of this register (.see advertisement ])ages of 
the journal). 

With a view to getting the names of research 
workers employed in industry a questionnaire is 
being addressed to the Federation of Indian 
Chambers of Commerce and Industry, the Associated 
Chambers and other Chambers of Commerce, all 
Directors of Industries, Universities, Defence Services, 
Government Departments. 

With a view to collecting the completest informa- 
tion about the existing facilities for research avail- 
able by way of research jiersonnel, e(|uipnicnt and 
library, the Criimiiittce decided to issue (|uestionnaire 
of universities, research institutions and industries. 

Sir R. K. Slianmukham Chetty is the Chairman 
of the Committee and Sir S. S. Bhatnagar is the 
vSecretary. The Commiltce is constituted under the 
auspices of the Council of Scientific and Industrial 
Rej^arch. Dr A. I,. Sundara Rao has been appointed 
assistant Secretary to the Committee. 


ADAIR, DUTT RESEARCH FUND 

At the meetings of the Adair, Dutt Research 
bund Committee hold under the auspices of the 
Indian Science News Association on March i and 
April II, 1944, the following scholarships were 
awarded. 


SchCflars 


1. Cffiviiida Rniii 
Dehnatli 


2. .Xmbiiida Nath 
Bose 


3. (Mrs) Amina 
• Rnhnian 


4. Atiial C’-'iiifl 
Ghosh 


Subject 


AmirogcinV Hor- 
mones (CluMiiis- 
try). 

Prrvessiiig of fexid- 
sluffs on vitamin 
values (iriglii-r 
Tetlinology) . 

Met hot’ of estima- 
tion of the vila- 
min of the '*11” - 
Groups ainl iluMr 
assay in Indian 
foodstuffs (.Nutri- 
tion). 

Cyrioiron work 
(Higher Techiio- 
loRv). 


Under itfhoni re- 
search to be 
carried 
iTof. J. K. 

Chowdliiiry, 
Dacra Piiiversitv. 
Prof. B. C. Gnh.i. 
Calcutta I'niver- 
sity. 

ITof. B. C. Guha, 
Calcutta Univei* 
sitv. 


Prof. M. N. vSaha, 
Calcutta I’niver- 
sily. 


Renewal for the Second Year 


1. Salyendrii 

Nath Ghosh 


2. Sailendra Nath 
Ghosh 


Measures of the iii- 
tensitv of the 
sky (I'liv- 

Sics) . 

heeding in Carps 
(ZfXilogy) . 


ANNOUNCEMENT 


ITof. S. K. Mitra, 
C'alcutla I Univer- 
sity. 

Prof. H. K. 

Mookerjee, 
Calcutta Univer- 
.sily. 


Wo are slatl to niforiii that Mr P. K. Dutt of the 
well known firm of Messrs A<lair, Dutt & Co , Ltd. 
has placed a further sum of Rs. 3.000/- at the disposal 
of the Adair, Dutt Research I-und Committee. The 
total sum uptodate amounts to Rs. 12,000/- only. 
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SOAP AS LUBRICANTS 

This use of soap as a lubricant is not a new 
thiiiR. The fact tliat it is clear, easy to handle, con- 
centrated and more readily adoptalile lias recotn- 
inended its use almost universally for lubrication 
purposes. A note in the Scientific American indi- 
cates the many uses to which soap has been put in 
industry in recent years with promises of yet many 
more. 

Drillinj^, drawing and turning on a lathe are 
some of the commonest operations involviii):* the use 
of lubricants, throuj^h which metals must i>ass before 
beiuL* shaped into usiiable objects. In drawing? wire, 
for instance, the very lar^e friction of nearly 18,000 
to 30,000 pounds i)er stiiiare inch is produced in the 
die, which can only be reduced throui<h use of lubri- 
cants. Powdered soap made from tallow or a com- 
bination of tallow and palm oil, when the latter is 
available, serves as a .i*ood luliricant in dry drawing. 
In wet drawing, however, a soap solution in water is 
used, and the wire and the die are either submerged 
under the solution or the solution is dripped over 
tlicni as the drawing is in progress. 

vSoap form^ an important component in the 
iiiaiiiifacture of a large number of new greases which 
liave recently been produced. The use of soap in 
grease makes the latter adhere more closely to the 
rotating surfaces and prevents its leaking away from 
points of friction. Moreover, gasoline which (juickly 
dissolves ordinary gre.a.se has little action on these 
new vari**ties jirocessed with soaj), and as such these 
lubricants can be advantageously used in pumps and 
curburetor valves fre<iucntly coming in contact with 
gasoline. Grease lubricants containing a certain 
proportion of soap are more resistant to extreme cold 
and sudden temperature changes and are now largely 
used in aircraft industry. 

Some other uses of soap enumerated in the note 
include the use of soap coating in the manufacture 
of 37 mm. cartridge cases. This eliminates the need 
for copper plating. vSoap is extensively used in the 
preparation of lubricants for drawing copper and 
brass tubes and wire, also of cups in the production 
of shell cases for ammunition. 'I'he property of soap 
to improve the .stability of oil emulsion and increase 
its film strength is utilized in cutting oils which 
have been developed to meet the reciuirements of 
many kinds of high speed war prod\iction. 

PLASTIC FROM SAW DUST 

Science News Letter, January i, iQ44i rciKirts 
the development of a new plastic from waste saw 


dust by Dr Robert A. Hardin, Chairiiiaii of the 
indirstrial education department of the University of 
(Iklahaina. The waste of saw dust and savings 
from saw mills and lumber manufacturing plants. 
Dr Hardin has revealed, amounts to as much as 76 
l>cr cent of the ctninlry’s forest products, and this 
led him to undertake research in the ])ossible utiliza- 
tion of this waste product. 

The plastic he has developed is black and opa(iue 
and has high tensile strength and resistance to 
moisture absorption. Its tensile strength has been 
measured at q,ooo ])Ounds per sijuare inch. Resides 
its resistance to moisture, the new plastic yields little 
to the action of acids and is not inflammable. 

The black colour of the new product, which is 
often a disadvantage, is due to the presence of lignin 
in llie wood. During the process of treatment, lignin 
turns black and makes tlie colour of the plastic so. 
The colour disadvantage has, however, been suffi- 
ciently countered by the lower cost of production. 
The lower cost arises from the fact that the new 
plastic re(iuires only 25 per cent of the costly resin, 
which is much less thati the amount consumed in 
the luamifacture of other plastics now in use. The 
cost of a plant capable of i)ro(lucing two tons of the 
new plastic daily has been worked out at 133,000 
dtdlars, iiicludiug plant location, building and total 
exiiciises for one year operation. In his model 
manufacturing plant at the University of Oklahama, 
Dr Hardin has also moulded his new product into 
several finished articles. 

HIGH-SPEED MOTION-PICTURE CAMERA 

An ultra-high .speed camera, known as the 
Western Hlectric I'astax Higli-Si)eed Motion-Picture 
Camera, has been recently developed in the Pell 
Telephone Laboratories and manufactured by the 
Western lUcclric Company. At their top speed, the 
Fastax cameras are capable of taking pictures at the 
rate of cS,ooo per second, which means an exposure 
period of 33 millionths of a second and a film speed 
of about 70 miles per hour. vSuch cameras have been 
de.sigucd to u.se botli 8 mm. and ih iiiin. films. The 
cameras using S nun. film lake pictures at the rate 
of 300 to 8,000 per second, whereas the 16 mm. 
model has a rale tjf 150 to 4,000 pictures a second. 
The ordinary line voltages of no to 125 volts may 
be used to secure tlie toi) speed and lower speeds can 
be obtained by applying smaller voltages through 
the use of rheostats in scries with the motor. 

Tlie haslax cameras are of the continuous- 
motion type, as distinct from the stop-expose- 
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advance type of the slow inolir)n cameras, and employ 
rotaliiiK prism or optical compensator to produce ihe 
succession of iiiiii;;cs. I'lie S mm. model uses an 
ei>ilil-sided ])risiii and the ih mm. Jiiodel a four sided 
jirism between tlie lens and the sprocket, permitting 
eight and four pictures respectively per prism revolu- 
tion. Tlie images formed by the lens are refracted 
by the njtating prism to meet the lilm moving with 
great speed. This arrangement makes possible con- 
tinued e.xposiire throughout the period that the fdm 
travels i»ast tlie aperture, luther 50 ft. or too ft. 
Spools of tilni are used in both these types. The 
total time of e.xposnre, at full voltage, for a liltn 
length of 100 ft. does in)t exceed .seconds. 

'rile Fastax cameras, becau.se of their ultra-high 
speed, have opened up pos.sibilities hitherto tin-' 
thought of ill the held of research ami investigation, 
'i'he b'astax can idiotograph action far too fast for 
the ordinal \ slow motion camera and reveal inner- 
most secrets of mechanical parts moving with high 
speed. In one .set of investigations, the Fastax 

revealed the heretofore iindelected cause of false 
signals in telephone e(|uipment. In the Hell Tele 
jihone Laboratories, these cameras have recently been 
used to study the action of the vocal cords during 
speech and the explosive short-circuiting of wires 
carrying heavy currents of electricity. 'Ihe Fastax 
cameras further lend themselves to colour photo- 
grajdiy of the self-luminous objects. vStre.ss and 
imi)act conditions of new e«jnipment designs have 
been conveniently studied by these cameras working 
ill shiwcr siieeils, while medium speeds of about 
1,500 to -:i,ooo ijictures per second have been ein- 
]»loyed to investigate automatic operations, laboratory- 
controlled breakage of parts and the causes of noisy 
o])eration in machines. Ihir a fuller detail as to the 
coii.st ruction and design of these cameras and the 
various uses to which lhe.se have been imt, the reader 
is referred to an article by H. J. Smith in the Bvll 
Luh. Rcc., 22, No. I, October, 1945. 

INDIAN WOOD FOR TEXTILE AND JUTE MILL 
ACCESSORIES 

IxDi VN Forest lliilletiii No. i2t, is.sued recently 
by the Forest Researcli Institute, Dehra Dun, con- 
tains an account of the tests carried out at the 
Iiislitiile on the suitability of Indian timbers for the 
manufaclnrc of textile and jute mill accessories. 


Restricted import of the American persimmon 
(Diospyros virginiana) and cornel (Cornus florida), 
the best shuttle woods in the world, and increased 
demand of wooden articles for textile and jute mills 
led the Institute to direct its attention to the ques- 
tifin of finding suitable indigenous \vo<xls for such 
liurpo.scs soon after the war started. 

'The re(iuircmenls of wood to be used for shuttle 
making are very exacting. It .should have fine, even 
and straight grain, good weaving (jualities and a 
density of about 52 lbs. per cubic foot at 12 per cent 
inoislure content. Moreover, the wood should season 
well without much .splitting .so as to ensure a reason- 
able yield, .should not .si)lit when metal fittings are 
in.serted and finally .should be easy to work and 
smooth to a finish. A large number of timbers which 
appeared suitable from the data available from their 
phy.sical and mechanical properties were obtained and 
tested, 'file timbers which failed in the preliminary 
examinations were rejected. ICleven species were 
finally .selected for inaniifacturiiig trial and service 
tests ill the mills ; the finished shuttles were then 
te.ste(l in weaving mills iiiider factory conditions, 
'file leallel contains detailed results of these tests 
in tabular form. 

The results c)f these tests are on the whole satis- 
factory. Diospyros mclanoxylon (vlwny), the light 
coloured sai>wood, a])pears to be the best timber so 
far tested for cotton mill shuttles. It gives a life of 
about 50 jier cent of imported cornel wood. Oiigeinia 
dalbcrgioidcs {sandam}. Acacia arabica (babul), and 
Schrebera Sicielcnioidcs come next to ebony as 
regards their suitability for shuttle making. vSoiiic 
mannfacturers also approve of (iardenia ialijolia ami 
Succopcialum tomcniosum, but their supply is 
limited. vSome weaving l ills in North India arc u.siiig 
10 (juat wood with satisfactory results. Another 
timber liuxus scmpercircns (box-wood), available in 
limited (iiiantities in the high elevation forests of the 
Himalayas and Kashmir, lias, however, been pre- 
ferred to i‘^Tsimmon and cornel in making shuttles 
for silk worms and for fine quality cotton fabric, 
'fhere is jet another limber DarroHa jaequcmonlianii 
(parrotia) which has been considered suitable b)r 
shuttle by certain manufacturers. 

The leaflet has further laid down some important 
precautions regarding the conversion and seasoning 
of shuttle woods. 
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RISE AND DECAY OF THE INDIGO INDUSTRY IN INDIA 

A. K. GHOSH, 

WOTANY I>HI*ARTMhNT, CALCUTTA TXIVKUSITV 


NoMKNCI.ATURli 

J^XDino (Karlier indico from Lai. indicum ; (jr-ck 
indikon) bcloiij'iiig to the genus tndi^ofera L., is 
a large gcinis (350 sp.) of herb.s of the family J^ogn- 
mtnoseae, found throughout the tropical regions of 
the globe (both, in the Old and tlie New World) with 
Africa as their head(|uarters,— India having about 40 
species. It is a genus of rather dry climates ; and 
is subject to disease at the roots in moist climates, 
where the .species are apt lo wilt as a result, and 
where they suffer from inadc(iuale function of root 
nodules. 

Amongst these are the plants best known as 
sources of the well-proved dye, indigo or anil, which 
is still the “king of the dyestuffs”. Coiiiiiiercial 
indigo is a paste or powder of the chemical substance, 
indiffolin or indigo blue mixed with impurities which 
;ire difficult to .separate in the process of iiianu- 
faclure. Xolhing has l)cen found to e<iual the 
permaiiancy and strength of its deep-blue colour. 

The San.skrit name is nUi from nlUi, dark -blue 
and the Arab name nl-iiil (tlirough Portuguese) nw//, 
gives us anilinv. 

Okkun 

Tile latin name indirum clearly shows that the 
Romans knew that the indigo was originally brought 
from* India. As to the wild nature of the plant 
Roxburgh .says “Native place unknown, for though 
it is now coiiinu)!! in a wild stale in nn)sl of the 
provinces of India, it is seldom found far from the 
districts where it is now cultivated or has been cul- 
tivated formerly.” (I)e Candolle, icoji.) The oxisl- 
euce of a vSanskrit name rentiers its Asiatic origin 
more probable. (Ihuhl, igoS.) 

In I )I( UVYIKl ,I) I N( 1 Sl'KCI KS 

The following si)ecies have been the source of 
well-know Ji dark blue dye of commerce. All the.se 
plants are stiff-.stemmed, weedy-lookiiig annuals or 
shrubby perennials. 

I. Indigofera arrccta llorhsl (Natal Java plant). 
— ^This is a troi>ical African s]K*cies, brought into 
Ihitch Indies about 1S60. It is the richest variety 
and later hecanie the chief source of Bengal liidigt*. 
Seed.s were obtained from Xalal and plants acclama- 
tised in Java. Natal plants are more vigorous in 
growth than those commonly grown in India and 
have been proved to yield a much higher proportion 


of dye from a given weight of plant. It is also used 
as a green manure and as a catch crop in .Malaya 
peninsula. 

2. I. nrliciilnia (iouan ( = 1. ar^cnlca Linn), 
Surai indigo.- It is a native of Troi»ical Africa, 
Xiibia and Arabia, h'rom (oijarat Arabs took it 
westwards to the Mediterranean. 

3. /. lonf^cracrmoxa lloiv . — This is a native of 
Madagascar. It was re-discovered and cultivated in 
Travancore. It is supposed to be «)iie of the most 
valuable indigo-producing plants in the world. 

/). /. sulfruticosa Mill (“ /. aa//).— It is a 

native of tropical America. American indigcj was 
brought to China and the Phillippiiics by the Dutch. 
This is the Madras variety and has a poonr yield. 
It is also u.sed as a green niaiiiire. 

5. /. Sumalrunn (iarrtn. Hcufial indiffo . — 

According to Plain (ioo.») "/, Sumalyann is most 
probably a species developed under cultivation from 
the wild form of /. linrloiin which is indigenous in 
T. Africa (Xubia)”. It is the chief cultivated form 
ill Bengal, United Province and .Madras and was 
introduced hy the Dutch from Malayasiaii region 
about ir.SiS. 

0. /. Uncloria Linn . — This specii*s is cultivated 

ill the tropics and may be of Asiatic origin. The 
Dutch took it to Malavasia ami also to the \\'. Indies. 

/. anerfn, L Siinmlrnnn and /. linctorin are the 
speeie.s now cultivated in Iiulia. 

W'n.M) Pl. WT 

111 addition t») tlie I ndii^ojcras, several widely 
different jilaiits yield the same .siihslaiice cluanically. 
The tlye prei»ared from these has lioriie a sviioiiymons 
name in most tongues. 

Isiilis tinclinia 1. (Woad plant) is one of these 
belonging to the Kamily ( rucilrrar and is a native 
of the MediteiTaiieaii and Uurope. This is of histori- 
cal iiiteri.'st, since ur>to the middle of the i7lh 
century i.c., before the introduction of indigo it was 
the only blue dyeslutf used by dyeis in Ibigland and 
the acljuiiiing coiiiilries. 'I'he <lye was used by primi- 
tive Britons to paint their bodies. 

The leaves of the woad plant are moistened to a 
paste slightly fermented, moulded into balls and 
dried. 'I'he plant is still cultivated to some extent. 

pARi.v History 

Imligo has had a very long history, the hegiii- 
niiigs of whieh are wholly unknown. It was used 
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in ancient Ivnypt — for niiiminy clothes ilatiiiR perhaps 
from H.C. have been found dyed with it. The 

nianu fact lire which supplied the trade article iiiust 
have been already well advanced at that period. 

'riie historical record of this industry ii:oes back 
almost to the be.niiiniiij* of the Christian Era and the 
process of manufacture is described by many early 
travellers to India. 

When Rome was at its zenith, iiidieo was an 
import received through Alexandria, and beiiiK of 
Indian origin, was called ‘lndicum\ as stated before. 
In the bth century A.D. Persia was one of India’s 
markets for it and through Persia it reached China 
overland. Later, in 1200 A.D., indigo reached China 
no loiiger by the overland route but by sea from 
(lujarat And about ib.sa, the Chinese spread the culti- 
vation to eastern Malaya.sia. 

Pom HAY iNinoo 

There is abundant evidence that when European 
traders first began to purchase and export the dye 
from India, it was procured from the Western 
Presidency and shippeil for the most part from Surat. 
Indigo was then cultivated in western and southern 
India. 


Arrivai. op thk Portucujrsk 

The entry of the Portuguese into the Indian 
Ocean by rounding the Cape in 1498, seems to have 
led to increased indigo iiroductioii in India, Tlie 
dye uas carried by the Portuguese to Lisbon and 
sold by them to the dyers of Holland from 1516 
onuard. The centre of production remained in 
Oujarat, Cambay and Surat. 

About ibio Ciujrati merchants lived at Goa, in 
order to trade conveniently with the Portuguese and 
trade in indigo was more esteemed and valued than 
trade in cloves both in India and Portugal. Trade 
with China also continued. 


Dutch E\sr India Company 

It was the desire to secure a more certain 
suiiply of the dye stuff that led to the formation in 
ib.U of the Dutch East India Company, and shortly 
afterwards, this led to the overthrow of the 
Portuguese supremacy in the Ea.st. (Watt, 190S). 

About ibi2, there was an increase noticeable in 
the amount arriving in Eurofic. It was sold for use 
in the place of woad (Isalis ihictoria) in Britain and 
Prance. The success of the Dutch merchants arou.scd 
the jealousy of oth r Euro])ean nations. “The woad 
growers and merchants of Germany, France and 


England were threatened with ruin and to protect 
them nearly every country pa.ssed edicts rendering 
the importation or use of indigo a criminal offence 
imnishable by death” (Watt, igcnS). Efforts to fortify 
woad against indigo, by the scientific improvement 
of the woad plant in France failed and by 1737, the 
penalties for using indigo were removed and indigo 
was an established trade in Europe. 

InDICiO in ItNOl.AND 

In 1608, England learned the art of indigo dye- 
ing and in the reign of Queen Elizabeth its use was 
permitted along with wfiad. But opposition to its 
use was so strong that it was again prohibited on the 
pretext of being poisonous and in 1660, Charles 11 , 
had to procure dyers from Belgium to reteach the 
English the art of using the dye. 

IvNf'.Msii East India Cdmtany 

When the English East India Company began 
persistently to extiort indigo from Surat direct to 
England and with the increasing demand of the dye 
from India— the trade nourished so much— that this 
had the effect of stimulating the Spanish, French, 
Portuguese and English colonists to make strenuous 
efforts to extend the cultivation in various directions 
and to produce the dye in many countries outside 
India. The luiropean colonist in America took to 
growing and manufacturing the dye and the improve- 
ments they effected were so great that this Indian 
article was no longer desired and its cultivation was 
discontinued in Gujarat and was never resunnid in 
that part of the country. 

Colonial Com pktith in 

The East India Company later voluntarily gave 
np the importation of indigo into loiglaiid “in order 
to avoid a comiietition with the British colonists in 
West Indies and the Southern provinces of North 
America. About the year 1747, most of the planters 
in the W. Indies particularly in Jamaica, gave up the 
cultivation of indigo in consegiieiice of the high 
duty iinpo.sed u|)on it.” (Walt, 190S). At the same 
time the American colonists found that sugar and 
coffee had proved even more profitable in the W. 
Indies than indigo. The impetus was thus given for 
a revival and rc-establi.shment of the Indian trafiic 
in Indigo and the province of Bengal was .selected 
for this revival. 

Re-estarlishmknt in India 

About 177S, the East India Company revived 
the cultivation of Indigo in Bengal and gave it direct 
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cncouraj^ciiieiU for tlic next 20 years, and India 
recovered her foremost rank amoiiK the indi}2o-]iro- 
ducin« countries of the world from which she had 
been temporarily ousted by \V. Indies. lieii.t’al 
indigo as iiianufacliired then was the best of its kind 
and soon superseded all other indigo and from 1S15- 
iO, neiigal supplied all the indigo recinircd for the 
eoiisiimptioii of the world. 

b'or a time, the production was a monopoly of 
the com])any but as its servants were free to trade, 
many took to its cultivation on their own account 
and were .so successful that they obtained permission 
to resign from the Company’s seivicc and became 
a i)erfectly self-supporting industry under bhiroi»caii 
management — the pioneer planting industry of India. 

As far back as iSm the indigo planters ()f Hihar 
formed an association to facilitate corn?sp<»ndence 
with the ('lovernment in the interests of llie commu- 
nity, to safeguard their interests and to deal with 
.applications for the settlement of dilTereiices between 
one member and anotlier or between members and 
local Zamiudars and ryots. The rules were re- 
modelled in i.S^^7 at the instance of Govcnimeiit and 
altered in 1S77 and 1005. The successful exploita- 
tion of synthetic indigo later, drove many of these 
planters to cultivate other cro]is c.g., sugarcane, etc. 

TkoI’HI.K.S in IhiNf'.AI. \\n Mk'.rxtion To 
T ikiinoT (IhiiAR) 

It had no sooner been organised, however, than 
troubles arose in Bengal itself, through misunder- 
slanilings between the planters, cultivators, and the 
t 'lOvernmcnt, which culminated in Lord Macaulay’s 
iaiiions memorandum of iS.v- ^J'his led to another 
migration of the indiislrv from the lower and Eastern 
Ikiii'.aJ to Bihar t'rirhoot) and Cnited Broviuces. 
ritimateh' legislation to protect the cnltivati>rs 
became imperative in iS.sij (Burkill ipA.S, Mollison 
iO"S, Watt iSoo, looS, Hill 

Woks of HKXr.M. BkASANTKV rNDKR l‘‘x’ROrKA\ 
iNHir.O I’l.Wl'KKS 

About nS 55 or 4 millions of cultivators in 
Ikiigal were subjected by Mnropeaii indigo planters 
to a system of inhuman oppression which only finds 
a parallel in the annals of negro-slavery in America” 
“h'very form <if oppression, were put into practice by 
the indigo planters.” (Chaklader, 1005). I'nmi the 
time of the introduction of indigo cultivation into the 
l»n)vince down to its final banishment, facts prove 
clearly and undeniably that the r\'ots were forcctl to 
take up the cultivation of indigo. The immense 
fortunes which the l{uropcan planters realised by the 
manufacture of indigo, did not incline them to re- 
dress the grievances of the people, upon whose 
labour, the success of the industry was solely depen- 

5 


dent. This vicious state of things, continued for 
half a century (itSio-iSbo), till they were unearthe<l 
by the Indigo Commission u])poinled in iSOo, with 
Mr W. S. Scion Kerr, C.S. as Bresident. The com- 
mis.sion was instructed to take evidence and report 
on the whole practice of contract, cultivation and 
delivery of indigo. They reported “that the system 
on which indigo had been cultivated was a coercive 
system of an uiirelaxiiig character and had broken 
down, because, it was, in the long run luiretminera- 
tive to the cultivator”. On the wake of this came 
the W ihitirtytui' a Bengali drama dealing with the life 
of cultivators under the indigo planters published 
anonymously (by the middle of Septeinber, iSbo) by 
the late Rai Bahadur Dinabamllui Milra, when the 
indigo (luesli*)!! had reached a crisis. It did immense 
service in awakening the mind of all classes of the 
Indian population and it had the same effect in hc 1 ]>- 
iiig the can.se of the abolition of indigo-slavery in 
Bengal as rncle Tom’s Cabin had in abolishing 
negro-slavery in America. 

An b'ngli.sh translalitn.-r of ' S ihiarfHui' with i 
preface by the author was circulated by the Govern- 
ment of Bengal. The planters deiumiiced the drama 
as infamously obscene and gnissly libellous. Thee 
pro.secuted the printer and the imblishcr Rev. J. 
Long, an Ibiglish clerg>maii. Mr Long was 
sentenced to pay a fine of Ks. 1,000/- and to .serve 
an imprisonmejit for one month. The line was tiaid 
then ainl there by Mr Kali Brasanna Singha, an 
enlightened eiti/eii of Caleulla. 

Mr Selon Kerr was pnni.shed depailineiitally b)r 
palroiiising the imblicalioii and helping the circula- 
tion of ‘ Xildtnjuui'. Sir J. B. Grant, Lieutenant 
Governor of Bengal, was also similarly charged. 
(.Milra 1004 ; Chaklader 10115}. 

Thus ended one of the most troublous periods 
ill the hisl<ny of Bengal. Subseiim nlly, t loveinmeiit 
enacted measures to hel|) the indigo-planters, but the 
indigo interest had hmg been doomed anil could 
never recover its former position in Bengal. 

IIoRTrs MAi.xnxRicr.s, ihMo 

There is no evidence of any detailed descriptive 
account of the manufacliire of imligo in any writing 
prior to Rheede’s great ‘Ilortus Malabarieus ibS(>' 
where its export from Coroniandal and Xegai>atam is 
meiilioiied as also its production in Ceylon. Rheede 
figures /. iincloria as the indigo plant, a .species 
better .suited to a moi.stei- climate than /. artirulala 
thmaii grown in a large scale in Gujarat. 

* 'SiUhnpan' w.is tiiiiisliited into b^iglish bv Mii’linel 
Madhusinlan Diilt. Il is saiil lliat tlie [twi was ailiiionisbod 
ill private for this and lost liis job in tlie Supn-im* Court 
wliii-li liad been his main .source of livelihood, (haiido- 
padliyuya ifc Das, 11)43). 
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Tlic Dutch introduced f. suwafrana from 
IMalaya.sinii rct;i«ni to India, a species better than 7 . 
lincior'm. I. tincloria was taken from the old world 
to the W'. liidier. and /. suilruticosa was brou«:lit from 
America to China and the PhiJIippiiios. The Arabs 
took tile (luiarat /. nrticuhia westwards to Rgypl 
and llic Me<literranean but found on the upi>er Nile 
another suitable siiecios /. arrccta HociisL and its 
cultivation obtained a wide extension. The ever- 
experiinentin.u; and alert Dutch had first ftiveii up /. 
sHnutfrniht for the American /. suffrulirosa ; then /. 
auf/mticostj to I. airccla (iS6o) and this was what 
they were ij;rowin.e when artificial iiidi.eo was first 
heard of (Burkill, 1Q35). 

SVNTHMSJS (II* InDIC.O liI.rK : CiTKMICM, DiSCoVi KY 

India’s jiosition remained uuassailed, thoutjh 
there was cultivation also on a considerable scale in 
Java until as a result of laborious research liy Hacyer 
and his pupils the constitution of indigo was estab- 
lished (i.S.'-v)) and (’iermany found themselves at last 
in a position to prodiu'e indii;o from coal-tar bv 
chemical methods ihoii.eh manufaclurc, on a com- 
mercial scale was achieved in nSej;. Perkin (1856) 
was the (nij^inal discoverer of the coal-tar dyes and 
the first iirocess for making: .synthetic imlii»o was 
patented in iS.‘-'o ; the nietlKul that has i»roved a 
commercial success and which enables synthetic 
iiidi>’o to be sold at a price much lower than that 
obtained from the natural product is based on a 
reaction discovered liy Heumaiin in iSqo, and it was 
put on the market in lar.ee scale in 1S97. It is 
.generally a.ereed that synthetic indieo obtained a 
fcjotiii^ in the market because the production of 
natural iTuli.mo was not brou.^ht under scientific con- 
trol in time. When it came in, indijiio planters were 
carryin.i^ on their business in old haphazard ways, 
neither undei>tamliii.e how to .eet ^ood crops, iKjr 
liow to extract the (greatest (piantity of indi.(;o and 
they (piickly lost the advanta;e;es which they had. 

Tly r()03, allhou.eh indi.no croj* was ni'ovvii over 
considerable areas in Lower P.eii.nal and Rihar and 
the oiitjiut was very small, still it was the best in 
the W(jrld. Since then the iiidino indu.stry has been 
steadily on the decline owing to the increasing manu- 
facture of synthetic indigo as nieiilioned above. 

1x1)100 Tkadic hkfokk tiik Grkat Wak 

Till the inoduclon of .synthetic indigo by 
ihemical proce.ss, at a price which com])eted w'ith 
the natural dye, the industry was thriving. Success- 
ful exploitation of synthetic indigo and decrease in 
tnc (luantity of natural indigo available fi'r expoii 
resulted in a fall in the price of Hihar indigo, wdiich 
threatened ruin to these planters, who were forced 
to substitute other crops, c.f!., cultivate sugarcane 
and manufacture sugar. 


The results were apparent for the first time in 
the export of 1 Sty)- 1900 (Fig. 1). The average 
export in each decade of the 20 years ending in 
iCK>i-i902 were for the lir.st decade i.r., 1882-3 h> 
1801-2, 14 1, 8ri cwt. and for the second decade i.c., 
1892-3 to I go I -2, 135, 396 cw't. and the average 
for the ()uinriiicniiiin igog-io to i9^4-*5 Lcing 15,000 
cwts. 

A gradual decline in the export of natural indigo 
is further revealed by the following figures: — 


Year 

Quantity 


1890-1900 

... 11 1,420 cvvl 


1900-1901 

... 102,491 

89,750 „ 


1901-1902 


11K)2-1903 

65,377 „ 


1904-1905 

49,252 ., 

(being k-’>is than lulf llu* 
.'ivcrage «)f the previous years’ 
pros])erity). 

1912-1013 

11.867 .. 



When in iSoi-g.s, 237, .i|g cwt^. were produceil 
from 1,^88,912 acres, 100,830 cwts. were exported 
from Calcutta, whereas in the year previous to the 
last Great War, the all-India exports amounted to 
io,()3t) cwts. of which 8,752 cwts. came from the 
factories of Hihar. 

Until 1907-08, indigo represented more than half 
the total value of dyeing and tanning lUiitcriaK 
ex]M)rtcd. 'i‘his i>erceiitage had fallen to oiie-fiflli 
in 1913-14, but had recovered its old position the 
following year (1915-10). 

The province which continued to contribute 
chiefly to the foreign export trade before the war 
was Hiliar, where the dye was more systematically 
extracted and marketed under luiropeaii supervision. 

The inferior indigo of Northern India and 
Madras, manufactured in factories on iiidigeiioii' 
methods, continued t(' serve a purpose and is still 
being continued, much of it bcin.g used in India, biii 
this industry is of small importance comi>ared with 
that of Bihar. 

At one time it was ho]»ed that the introduction 
of Natal Java jdaiit (/. anccta), giving a higher yield 
of indi.gotiii with imi)roved and cheaper methods of 
cultivation and extraction might stem the tide, but 
retrogression proceeded steadily until the declara- 
tion of hostilities in 1914 closed the markets of iIil* 
world to the synthetic substitute. By 191a, Java 
industry was dead (the Phillippine industry had been 
abandoned before igoo) and in 1913-14, the area 
under cultivation in India was scarcely more than 
a tenth of that in i8i)5-()h (Fig. i). 

Since the in trod net ion on a large scale of s>n- 
Ihclic indigo efforts have been tnade in India and 
in Java to idace the cultivation of the plant and the 
mamifactiire of the natural indigo product on a 
more scientific basis. Hut although many imiiortanl 
improvements have been achieved from the agricul- 
tural as well as from the manufacturing point *>1 
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view, resulting? no doubt in the retention of a portion 
of the industry, the synlhetic product has continued 
to gain the upper hand. 





CiRKAT War and Indk'.o 

Soon after the outbreak of the last liivat War 
(ini4-iS) supidy of synthetic indigo from ('erinany 
was cut ofT and the sliortage of dye-stuffs among the 
iVIIics became acute, and in India, when the Calcutta 
indigo sales were resumed in December, 1914, the 
prices realised were nearly four times as great as 
those of previous March. This gave a teinpoiary 
stiinnlus to indigo growing in India, Java, China and 
Japan. 

The fealiire (»f the exjiort trade in igi.s-iO was 
the heavy shipment from Madias, greatly in excess 
of Ihiise from Bihar, Which went chielly Uy the 
Cnited Kingdom, and also to Kgypt, Persia and 
r. S. A. In recent years an increasing 

l>ailicipatiun by (beeee is noticeable with Pgypt and 
Vngosiavin cimiiiig iie.xl in imp«)rl:ince. 

With the eiiconragemeiit to exporters and with 
the Indian dyers limling supplies of aniline incivaS' 
iiigly dillicuU to i)btain and then only at extra vae. ml 
rates, the area under imligo in India increased 
limes in igro-i; (I’ig. i) as i-oinj»ared with 
the jiieceding five years. Bill even then the total 
acreage was less than half the high water niaiU 
reaehcil twenty years befonr and the output wa'-i 
scaiivl’c propoi lioualcls raisi;d as the increase in eiil- 
livalion was chielly in ^ladra.-. and the United 
iTovinces where, the imliislry is mainly in the hainls 
of siii.all holders and the dye manufactured with 
simple and less costly machinery - the general (inalitv 
being much lower (40 to 50 j).c. iiidigotiii) than thi 
Bihar ipiality (00 to ;o p.c. iiicligiitiii). 

A reaction had set in even behu'e the armistice. 
I'he dve shortage in the United Kingdom led to Uk 
ic-«)] Jelling of tile Badisehe Branch Woiks at B.lles- 
nierc Port for the maiivifaelure of aniline and ali 
/.arine dyes, as so«)n as the secrets of maun fact lire 
had ])een re-discoven-d by l{ngli.sli chemist.s, and 
when ficrmaiiy was once more in a position to export 
her dve sliilTs freely, the eoinpelitiou of the svnthetic 
substitute with natural indigo became even more 
acute than before tC<»Uon, igiu, 1024 : Sakseiia, 

Ix'DlUi) TkAIMC Al'TKK TUK C.RK.XT W’aR 

111 1017-18, there was a fall in the acreage nndei 
the ])laiit and a marked fall in prices and in 1 018-19 
these elements of weakiic.ss liecame even more accen- 
tuated. 

W'hilc the area in 'vas 60 p.c. above and 

the yield nciirly double the eorrespoiuliiig ligiires for 
lot 8 - 1 1 1 the loss of the Japanese market in Ci'inpeli- 
tion with synthetic imligo re.siilted in a coii.siderab!e 
decrease in the total exports. Japan took only .foo 
cuts, as compared with 7,:joo cwts. in the previous 
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year. K.ny|.‘t, Mesopotamia anti the I'liitetl Kiiijrdoin lonj^eraccmosa for which a high iiidigotiii yield is 
in that order were the principal recipients. claimed, has been re-discovered (Saksena, 1Q37). 


Risk and Kam. of rNr)ic;i) Tradk 

The area cultivated with their yield in cwts. and 
export in cuts., with the value of export and value 
of import of aiiliiie and alizarine dyes are given in 
I'ig. I and in the table given below. 





I'lilne ot 

Year 

li.vpnil Of 

indifio 
{in i -el.) 

export of 
Indifio 

in .C 

— 

1870-77 

100, (KM) 

1 

2,000,000 

1880-87 

1894-95 

138,01M) 

100..S30 

1 

1 

2,.500.(H)() 

1896-97 

10!),523 

.\ VlT.'lgi- 

3 , 000.000 

1897-98 

1.13,819 

1.1.5,4(K)t\\l. 


1898-9!) 

135,187 



lS!)9-()0 

111,420 



1900-01 

102,191 



1901-02 

89,7.50 



1902-03 

05,377 

liciiig U-.s-. 
lllMll h.'llf lIU' 




average of 
previous 
years of 
prosperity 


l!H).t-0-l 

00,000 


700,000 

l‘)04-0.5 

49,2.52 



1912-13 

11,857 



1913-11 

10,9.19 


141,398 

1911-15 

1915-10 

1910-17 

1917- IS 

1918- 19 

17,142 

41,932 

34,230 

31 .(Ki2 
.52,707 

Iiiipiovenieiit 
ill export 
Average 
31,000 ewt. 

.599,(i91 
1,385,795 
1,408, .173 
1,018,70(3 
8,12,340 

mi 9-20 

32,(387 


S85,0C3S 

1920-21 ! 

10,2.50 

1 Average 

274,7,55 

1921-22 1 

12,362 

15,000 < \vl. 

,142,457 

m22-23 i 

4..5.15 


1 12,9.10 

m2‘»-.<0 

807 

i 

.S.-lHO 

19.12-3.3 1 

.142 

Average 

l93.v:vt 

.S12 

1 TOOcwl. 

7,205 

19.14-35 I 

544 


8,012 

19.t5-3Ci 

1938-.1!) 

? 939-40 


1 Average 

1 158 ewt. 

! 

4,910 

2,733 

1,333 

- 

. - 




I ['alnc 01 

\iniport in C 
;(»/ aniline c''‘ 
i altaiine 
1 dyes 


313,237 
1 13.808 
43.‘i.853 
032,050 
770,500 
022,870 
1,575,001 
1,017,090 
1,030,781 


1,026,500 

1,581,080 

2 , 0 . 53 .tMi 3 

2,275,206 


81,851 


Prusfnt Pf)si'n()N OF iNOifio Tradk 

'J'he largest area under the cro]» is now in 
Madras, contributing about 75% of the whole yield 
—where (as in the Punjab and U. P.) it is for the 
most part cultivated in small holdings and is chiefly 
grown by Indian cultivators and the inferior dye 
prtiduced largely disai)]>ears in local consumption, 
though there has been a definite market for the better 
grades. There is .dso an appreciable but not defi- 
nitely ascertainable area in Travaiicore, where /. 


Tradk in Syntiiktic Indkr) 

Tlk* bulk of the indigo which now conics into 
the l{uropean market is prepared synthetically from 
coal-tar. Petweeii io<)(>i3 synthetic indigo captured 
the Chinese market by sheer efficiency and due to 
poorness of the Indian product. China and Japan 
have always been l)y far the largest markets for 
synthetic indigo, their combined consumjition in 
11)13 being j/.ooo tons (20 per cent paste) out of an 
estimated exportable .surplus from (Germany of 47,.)oo 
tons. In the same year (Ireal Britain, British 
Dominions and the United States of America together 
took little more than P,ooo tons, China and Japan 
together took three-fifths of the whole of the syn- 
thetic indigo produced. "Into these far eastern 
markets, India scarcely penetrated in her heyday, 
owing to the C(mipetition of primitive indigenous 
manufacture, and showed little .sign of capturing 
them in the more favourable conditions created 
during- the last (Ireat War, although the prosperity 
of the Indian industry and its ability to compete 
with synthetic dyes depended largely upon its being 
able to supply the l^astern markets" (Cotton, lom). 


CT'i/ri VATIC )N IN India 

In deep alluvial loamy soils and lands annually 
reu*)vated with silt indigo cultivation is very inexpen- 
sive and the above conditions suit the crop best. 
Simple (uiltivation after the water has gone down 
followed by broadcast sowing, is all that is reciuired. 
Xo irrigation is done in such tracts. But the best 
indigo is jjroduced in highlands under a careful 
.system of cultivation. 

Deep alluvial soils in Bihar which grow* indign 
are deficient in idmsplioric acid and nitrogen nut 
richer in all other useful constituents. ICxteiisive 
experiniem.-; in Bihar have proved that in .such soils 
superphfj.sphate and nitrate of potash can be ecoiioiiii- 
cally applied. 

I'lie Sunialrana plants are reared from seed sown 
about the end of April or beginning of March. The 
spring sown crop yields the l)e.st dye. Plants make 
.slow progress until the monsoon sets in when the 
growth becomes very rapid. By the middle of June, 
the plant has attained a height from 3 to 5 ft. and 
the first crop is ready in July, a second crop being 
obtained in September. 

'I'en to fifteen seers of .seeds are reciuired i)er 
acre. Thirty to forty bundles (a bundle weighin.g 
about 3f;o lbs.) is the produce per acre and the yield 
of dye about 12 lbs. jier acre in lower Bengal and 
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,20 lbs. i>er acre in Ilihar (Voelcker, i8g.^ ; Mukberjce, 
1923). 

IlXTRACTlON OK IndH'.O — WkT lbi(.ClCSS 

occurs in llic leaves of tbc plants not as 
siicli but in llie form of hniirun- Ibe colourless ^^luco- 
side of Indoxyl and is a crystalline subslance extract- 
aide from the leaves with hot water. When hydro- 
lysed by means of certain ferments (contained in the 
leaves) or with dilute acids, Indican yields 
and indoxyl, the latter bein.!* oxidised to indi.notiu 
(the colourin.e: matter of iiidi.eo) in contact with 
almospheric oxy^^en. 

hVesh plants cut early in the morniii^^ and just 
before llowcrinj* (about June or July) are steeped 
in clean still water and macerated at 45° to 
for 1:2 or more hours in larj^e vats made of stone, 
(hivery IOC) mds. of plant reriuire 4, .sot) .iiallons of 
water). The indican uiider.eoes fermentation under 
the influence of enzymes present in the leaves, with 
the formation of indoxyl aiuF ^^lucose. When fer- 
iiieiitalion is over (10-12 hours) the litpiid in the 
steel )in.i» vats which contain ammonia in addition to 
indoxyl and varies in cohnir from brij;ht oranjje to 
t)live jL'reeii is drained oIT into the beating (oxidisin^») 
vats placed at a lower level. 'Pile beating:, the 
object of which is to oxidise, /.c., brin^ the licjuor 
as freely as possible into contact with the air, is done 
by mechanical means. If there is any delay in 
oxidation a considerable loss of colouring matter 
leMiIts and the iiuh^o produced is inferior. As the 


oxidation proceeds the indoxyl is oxidised to dark 
blue particles of iiidi;40tin and the lifjuid has changed 
from a yellowish colour to indigo colour and the 
bearing is liiiished. When the «jxidation is coinpU.te 
the insoluble bluish jireciiiitated indii;o .separated as 
blue flakes, is allowed to .settle, the supernatant 
li(|uid beiiiL* drawn off and run to waste. The indim) 
mud thus obtained is washed free from soluble matter 
boiled for short period with water for the imrpose 
of sterilisiim, liltered, formed into bars, cut into 
blocks or cubes of about inches sguare and finally 
dried. 

Imi>rovements in the manufacture of indij'o had 
been brou/Liht about by .Mr l‘hrisloi»her Rawson and 
by Mr H. Coventry, who by prr)per methods of 
oxidisin.u: have sometimes obtained with the help of 
blower for o.xidisin.e the liipud as it comes from the 
steepiiii* vat — 2.S to l>er cent or more of the coloiir- 
in.14 matter. W’ith the blower, the Hiliar factories 
sometimes obtained 12'..' seers of indi;2o out of every 
loo mds. of ^ueeii plants. 

'rile actual amount of '•olourini»: matter, indi.notin 
yielded by the leaf is but small, avera:^in.tc o’55% 
which is eciuivaleiit to seers of indi.eo out of 
luo mds. of leaf but the yield fre)m the whole plant 
is considerably less, since the stalks and Iwij^s 
contain practically no colour. /. aircrhi yields nmre 
indigo per unit weight of leaf and also yield more 
leaf than /. sunuUraun (Mukherji, 

{To ho ronfiuui’d). 


MEDICINE AND PUBLIC HEALTH 


RECENT ADVANCES IN BACTERIOLOGICAL 
TECHNIQUE 

An useful account of the recent advances in 
bacteriological methods has been preiiared by Prof. J. 
Chriiickshank for the Hritish Council and imblished 
in the llrilish Medical Bulletin, i. No. S ; of 

nhich a short summary has appeared in Nature, 
January 15, 1944. The account includes the principal 
advances in the last ten years. 'Phe discovery of 
more efficient selective culture media for the isola- 
tion of bacteria, the determination of the stable sub- 
eroiips or types of bacteria and the development of 
iypin« methods which ensure the detection of the 
probable source of an infection or an ci)idemic apiiear 
to be the major advances of this period under review. 


The Vi or virulence aiiti.ecn of the typhoid 
bacillus has been an important discovery which lias 
made it clear that anti-typhoid seniiii made for 
therapeutic use sln)uld contain Vi antil)odies. It has 
been found that the blood of typhoid carriers almost 
always contains these antibodies. This fact has 
rendered \’i a.L;.elutinatir>n test an in\aluable aid to 
the detection of the stmrces of infection. Meanwhile 
a \'i bacteriopha.ee which has a s|)ocilic action on Vi 
Strains of tyiihoid bacilli has been tliscovered. This 
bacteriopha.ee can be used to identify particular 
strains of these bacilli and, as .some epidcmiolo>jists 
have succe.ssfidly tried, to trace the source of isolated 
infections or epidemics. Valuable results were also 
obtained from the typing of diptheria bacilli. 





494 


SCIENCK and ClJl.TURK 


Vol. IX, No. 11 


A definite advance in our knowledge of the 
activities of the haemolytic streptococci, the staphylo- 
cocci, and the tuganisnis of the gas-gangrene group 
has been recorded. W'ork on the haemolytic strepto- 
cocci has |>rodiieed evidences of the existence of 
thirteen gron|).s of these streptococci. 'J'hc group A 
.streptococci, of which at least twenty-three types 
have been ideiilitied, are mainly responsible for 
human infections. It is interesting to note that the 
same haemolytic streptococci are capable of various 
manifeslalions. Ketvnt researches have shown that 
the supposition that puerperal fever arises largely 
from infection of the placenta by organisms in the 
genital passages at the beginning of labour is im- 
tenable. The attendants, other contacts and the 
respiratory passages of the mother herself are to all 
intents and ]»urposes the main .sources of infection. 
W'ork on .staphylococcus and organisms causing gas- 
gangrene has also made good progress, thanks to the 
impetus created by the war. The development of 
the methods of gniwing anaerobic bacteria in the 
presence of air and also on ordinary broth or peidone 
water cfmtaiiiing a small strip of sheet iron represents 
another important hacteriedogical progress during 
recent years. 

VACCINATION AGAINST TUBERCULOSIS 

Accordinc; to a report in Science, Dr Truman 
Siinire Potter, of the laiborattny of Preventive 
Medicine of the University of Chicago, has 
shown the increaseil po.ssibility of preventing 
tuberculosis by vaccination. The vaccine is 
made fnmi tuberculosis germs that are killed 
by .sulTocating them. It has, however, not yet 
been trieil on human beings. Hut the striking results 
of animal experiments indicate that the vaccine will 
prove effective in human beings as well. In hi.s latest 
e.xperimeiits on rabbits, Dr Potter used a vaccine 
from asphyxiated human-lyije tuberculosis genn.s. 
Of vaccinated rabbits, only four showed minimal 
lesions of tuberculosis when large doses of virulent 
germs were injected into their veins after the vaccina- 
tion. Of unvaccinaled rabbits, 25, including three 
that died, showed freiiiiciit severe lesions. 

V'accincs against tuberculosis have in the past 
been made either from living but weakened strains 
of the germs or from germs that were killed by heat 
or chemicals. None of these has been generally 
accepted as safe and effective, although promising 
results have been reported with H.C.G. vaccine, 
made from living, attenuated tubercle bacilli. 

The suffocation of the tuberculosis germs must 
be done under carefully controlled conditions w'liich 
include an absence of oxygen, presence of moisture 


and a temperature high enough to keep the germs* 
metabolism active. Under these conditions the germs 
die partly as a re.sult of self-sabotage. By continu- 
ing their living proce.s.ses they deprive themselves of 
ox'ygen as they breathe, and since no more is 
supplied them, they suffocate. 

Destruction of the germs by this method, 
Dr Potter believes, is less likely than other methods 
to reduce or destroy the tuberculosis antigen. 
Antigen stimulates the body’s defensive mechanism 
.so that, when vaccination is succe.ssful, the body 
defences are ever on guard in suitable strength to 
overcome fresh invasion of the germs that produce 
the antigen. This is the priiici[»le of vaccination in 
general. In the case of tuberculosis, the problem 
has been to iind a way of getting enough antigen into 
the body to develoj) immunity without giving so 
much or giving it in such form, for example in 
living germs, that it will cause tuberculosis. 

PENICILLIN FOR WOUNDS 

Rksih.ts of penicillin treatment of infecteil 
wounds in W S. Army ho.spitals are summarized in 
a report by Major Cham|) byons, M.C., A.U.vS., 
.according to a report in Scienee Seies Lcllcr, 

renicillin can produce “dramatically successful” 
results in treating sei>tic gun-shot fractures but, 
.Major byons emphasized, its position is supiilemeiital 
in the overall surgical programme. To get these 
dramatically successful results, the surgeon must 
combine penicillin wilh effective blood transfusions 
and conservative surgical proceilures according to the 
condition of each patient. 

Important advantage of i>enicillin is that it helps 
to light anamia in chronically infected battle casual- 
ties. Part of this seems to be due to the increased 
appetite the patient dcx'-lops while under penicillin 
IreatmeiU, enabling him to eat more blood-building 
food, and part to the fact that penicillin controls the 
infection. 

'1 his regeneration of luenioglobin, the blood’s red 
colouring matter, proceeds too slowly under penicillin 
treatment alone, however, in view of the need to 
economize on penicillin and to reduce the lime the 
patient must spend in the hospital. Conseiiuenlly 
blood transfusions must be re.sorted to. Whole blood 
is best lor this and the (luantities needed for each 
patient are estimated at from one and one-half to 
three quarts. 

1 he results re])orted by .Xfajor Dyons cover expe- 
lieiiccs with penicillin in ri Army hospitals where 
every detail of the treatment was studied with great 
care so that as much as possible might be learned 
abcnit the drug, effective doses, conditions that would 
be helped and those that would not, and the like. 



May, 1944 


MKDICINK AND PUBLIC HEALTH 


495 


MALARIA IN BENCAU-A SCIENTIFIC PROBLEM 

o. (iiiosn. 

.M\L\KJ.\ h.M-.lNhliK, ITHLIC IIIjALTII nJ-.l'\KTMKXT, 


THE author in his professional cai>acity as Malaria 
Kii^iiiecr to the ( lovcriinicnt of Bengal has 
often been coiifninted with a coiiinion (lucstion as to 
whether his (iiialificatioiis were that of a medical 
man or an engineer. Keanied professors, engineers, 
doctors, lawyers — all kinds of men have expressed 
their astonishment in the knowledi^e that an engineer 
could in any way be associated with malaria. 
Malaria control is erroneously regarded as a immo- 
poly of the medical profession and the popular ideas 
regarding malaria control arc associated with rjuinine 
therapy and at best with oiling and paris-greeiiing. 

That malaria is a problem in Bengal, nay the 
liist problem, is iimiuestionable. Tlie .solution of this 
J•roblem requires knowledge of scieiililic t^rinciples 
which arc more engineering than medical. Vet in the 
absence of any scientifically co-ordinated national 
planning, the engineers who made ‘two blades grow 
^\here one grew before# have also made two mosf|ui- 
toi's breed where none bred b(?fore. A history of 
malaria in Bengal is a history of embanknients for 
roads, railways and rivers, insufficient waterways, 
obstruction to natural drainage of the country and 
vieation of innumerable borrow pits w hich hold 
stagnant water and become excellent breeding places 
for aiiopholine mosquitoes, 'riieie are three condi- 
tions to be set right if we want to solve the problem 
of malaria in Bengal. 

Lack mk Pinn.ic CnNsciocsNKSs 

That there is a I'U’ji. of demand for contndling 
malaria in this province would be ^elf-evident to all 
wfio would care to feel the ]»ulse of the community. 
The self governing local bodies who are primarily 
responsible for the public health in their respective 
areas have .signally faile<l to do anything. For 
apiaoved antimalaria schemes of a permanent nature 
submitted by the local bodies (including Tbiion 
Hoards) the Ooverument usually make a contribu- 
tion of two-thirds of the estimated c«ist provided the 
local bodies come up with the remaining oiic-third 
:md undertake to maintain the works. The local 
hfKlics have so far placed malaria control as the last 
item in their budget and liavc nf)t been able to take 
advantage of ('loverumenl contributions, and there- 
fore a very considerable amount of budget money 
allotted by the riovcrnmoiil for antimalaria sebemes, 
lapses every year. It may here be emphasised that 
llu‘ local contributions need not necessarily be in 


cash but may be in kind r.ji-, volmitnry labour, and 
tlial inanv small schemes might be undertaken which 
would entail earth work, in connection with 

re-excavation of dying streams and silte<l np channels, 
lining lip of low lands and pits, etc., which could 
very well be done by volunteers if juoperly organised. 
One District hhigiiieer (employee of local board) not 
only wanted full coiitribulirm of the entire cost of 
schemes from the (iovernnieiil but also wanted con- 
tribution for expeii.ses of sni\ey works before he 
would so much as niidertakc preparation f»f schemes 
which subsequently might or might not be accepted 
by the ('lovernment. lie was not prepared to si>end 
aiivlhing from llie allotteil travelling allowance 
budget for his overseers and subordinate stall’ for 
their going out into the Helds for survey w»>rks for 
preparing schemes of malaria control because that 
sacred money was to be more usefully spent for 
.supervision in connection with the more inqxnlaiiL 
public works such as conslrnction of n)ads or pro- 
viding more comfortable fnrnitnre aiul crockery for 
the Insi)ei'tion l)nngah)ws! And this is in reference 
to a district which is notorious for malaria. Some 
other bodies are so busy with their other nation 
building programmes that inspite of repeated offers 
of technical helj) for ine|»aralion of anti-malaria 
sclieiiies, they have found no lime even to rei>ly after 
the tenth reminder. 

L.\ck ok vScikntific Pi.wm.m; 

One of the lirst principles that a malariologi.sl 
h.'is t(» learn is that imitation in aiitimalaria work is 
dangerous. Kvery area has its own problem which 
requires investigations and the measures of e«)utrol 
that are adopted must be spcciallx suited 1») local 
cnndititms. Because certain measures have succeeded 
in .say, Malaya, Java, or Ceylon there is no reason 
lo believe that the .same measures applied lo Bengal 
would invariably succeed. 

Measures have been ailopteil piece-meal through- 
out the province which show a lack t>f scientific 
planning. .Many organisations are over/.ealons in 
removing jungles as an antimalaria measure. Others 
by applying kerosene oil to a few feet of drains ami 
one or two tanks ho])e lo control malaria. It may 
be mentioned here that without water there can not 
be any aiiopheliiie breeding and jungles as such do 
not breed mos«iuitoes. Not .Ml mo.squitoes are 
dangerous. Out of forty-three different species of 



496 


SCIENCE AND CULTURE 


Vol. IX, No. 11 


nnoplioliiic iiins«|iiiliK-s found in India not mure tluiii 
lliree «)r lour .species are responsible fur transmission 
uf malaria in lleii.ual. Olliers are <iuile harmless. 
Ai'aiii ill a particular locality nut more than one or 
two species are really harmful. A person can not be 
infected with malaria unless an infected nios<iiiitoe 
bites him .succe.ssfullv, and llial driiikini* «)f water 
fnmi «iuestionable sources is never a factor in i>ro- 
ducini* malaria. 

hrom tile malaria point of view this province 
may be divided into three, more or less distinct 
.e eo ra I ) 1 1 i I'a 1 /ones. 

1 . The /on/ hill wnhiiia :oiu\ -The Ilimalavaii 
h)ol hill /one when covered with virejn juiiejes is 
naturally free from malaria. Human interference by 
indiscriminate opeiiin.e np of jungles for lea cultiva- 
tion and establishment of colonies have very often 
led to intense malarioiisiiess. minimus is the 

vector species of aiirjplieles responsible lor malaria in 
these re.eions. Hill .streams and seei)a.ue water collec- 
tions exiiosed to siiiili.eht and having suitable plant 
life for supidviiiti loud for the larva* arc* the excellent 
breediim mroiinds. Dense sluide has been considered 
to be nnfavonrable for .1. minimus breediiij;. Re- 
searches of .Mnirhead Tlu)mson have established the 
true si.nnilicance of shade in coiitrollin.i* .1. minimus 
breedini*, and removed many errone(»us i<leas. It 
has been proved that shade in itself i>lays no part in 
c«)ntrolliii.e J. minimus breetlin.e, on the contrary 
shade is verv attractive to the .eravid female and the 
indiscriminate use of shading; plants mii-ht do ni(»re 
harm than The control is entirely dne hi 

Secondary elTects of shade by brinipni' about 
mechanical changes. “Althun.eh .1, minimus breeds 
in association with runnine. water, in the ijassy 
e<l.ees where cL’.es arc laid and larwe bleed is still 
water. I,arv:e of .1. minimus are unable to resist a 
current of o ’o ft. sec. 'I'he iiowers <if resistance are 
not lunch .eri'ater than those of .1. hyntinus a still 
water breeder, ami ab<ait the same as that of .1. 
uconilus and .1. nuu uhtlus. VV’heii the <;rassy ed};c 
of a natural breedinu, place is renioxed either tempo- 
rarily by cnlline <ir iiermaneiitly by slnnliii.c, the 
/one of still water aloiii; the ed.ees is eliminated and 
there is an increase in How 'I'he absence of still 
water will elTectively prevent the ;j:ravid female from 
oviposit in.!-: and at the same time, if the water at the 
edj^e is muviiiii faster than o\»<) ft. /sec. will prevent 
any exist iim larv.'c from anchoriii.i> on. This velo- 
city is the absolute maximnm comiiatible with larval 
seenritv”. 

It is thus seen that velocity alonjj the edpes is 
the delerminini* factor in cinitrollin^ .1. minimus. 
Klushin.e the streams and channels by means of 
sluices or automatic syphons has been a successful 
measure in other countries. Here a^ain judicious 


care and plaiiniim are reciuired for achieving success- 
ful results. The author has come across several 
sluices and automatic .syphons installed over hill 
streams, which are complete failures due to lack of 
proper design and .selection of site. There was one 
sluice whose fonndation was not deep enough and 
had conse(|nently been scoured to such an extent 
that water was |iassing below the fonndation to the 
downstream and leaving the whole structure like a 
more or less hanging wall. .Vo water could accumu- 
late in the iip.stream .side and consequently there was 
no llnshing. The sluices were put in wrong positions 
and even if they were working jiroperly, only a very 
small length of the river bed down-stream could 
have been properly flushed owing to numerous bends 
and zig-zag course of the river, lii such cases it is 
essential first to train the river by straightening out 
tile beiuls, and jintting in .smooth curves where 
ab.solute straightening is not po.ssible. During the 
early stages of river training it will be nece.s.sary to 
l>nt in protective works at points where the new 
alignment would deviate from the old one, because 
the river will have a tendency to retrace its original 
course such .straightening of the course wimld lead 
to a greater velocity which x^onlil manifest itself 
ill tending to .scour away dhe beil and keep it 
more or less free from excessive depo.Mlion of ^ill. 
This will considerably reduce the work of the 
maintenance gang. .\ greater velocity provided the 
edges are kept clean, would in it.self be an excellent 
and immediately successful anti-malaria measnn- 
against .1. minimus. After the river has been 
trained as far as possible it would be possible to 
locale the exact suitable positions for sluices, if at 
all found necessarv. It is always a good idaii to 
inslal only one .sluice to .start with and watch lli ■ 
results. On the basis of its working additional 
.sluices may be added with any modifications foinnl 
necessary. 

Subsoil drainage may sometimes i»rove suitable in 
de.'diiig with seepage water, in such regions. 

2. Inland Tlains -Deltaic l\cj>iions.- -Strctciiiiig 
from the sonthern. extremity of the foot hill zone down 
to the coastal regions, is the area where A. fytiilihhiff' '^ 
sis is the iirincipal vector resjionsible for transmission 
of malaria. There is no exact line of demarcation 
between this area and the foot hill zone. A. minimus 
has been found to be a vector in the district of 
Jalpaignri and even down to Rangpur. A. fdiiUl^- 
pinrnsis generally breeds in clean water tanks, i>oiids, 
borrowpits etc. The numerous tanks and pools of 
which there is an average one per holding, arc ex- 
cellcnt breeding places. The species does not gene- 
rally breed in jiolluted waters and prefers more or 
less sunlit areas. Paddy fields in general are hann- 
less .so far as this particular species is concerned. 
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Observations in one research station extending over 
a considerable niiiiiber of years have shown the inno- 
ciioiisness of the paddy fields. It has further been 
found that not more than 3 to 30% of the breeding 
places (tanks and pools) breed the particular species 
at any one time. This gives an excellent possibility 
for ‘species sanitation’ because a large majority of the 
]>reeding pl.aces may be altogether neglected based on 
a scarcliing and regular weekly larval survey of all 
the breeding grounds. This results in a considerable 
saving of larvicidcs, and the author has successfully 
apidied this method in another experimental station. 

t)il, parisgreeii, or any other larvicide or insec- 
ticide, however cheaply apfilied, is however no 
solution for Hengal malaria. Flushing the land with 
sill laden flood water in the deltaic areas appears to 
be the only cheap, permanent and successful method. 
This aspect has been clearly dealt with by Ih* lieiitley. 
Formerly the deltaic rivers when they were unfetter- 
ed and free from human interferences like embank- 
nieiits used to spill over their banks during the rainy 
season. The rise in flood level was gradual and the 
flood water used if) flush the whole country from field 
to field which ultimately became a vast lake of water. 
The floful water also entered the numerous tanks, 
jxjols and pits. This silt water is inimical to ano- 
pheline breeding, f»r more correctly it createfl condi- 
tif)ns which were unfavourable for ano])heline breed- 
ing. Silt which is a natural manure used to deposit 
ill the fields and enrich the soil, and clear water used 
to drain out subsefiuenlly through numerous rivulets 
and ehaiiiiels. This annual flushing not only kept 
the coiiulry free from malaria but also enriched its 
agriculture. Of course there were tem])orary bi- 
coiiveiiieiices duo to such flooding but the floods 
were never so disastrous as we ex])ericiice now-a-days. 
Owing to pulling up f)f embankments the rivers can 
no longer overtop their banks and the silt that used 
to be deposited on the land ami thereby gradually 
raise its level, is m)W fleposited in the bed of the 
river itself, 'fhe result is that the river bed is con- 
liinially rising but the country level remains the 
same so that the emi)ankmeiils hav’e to be raised 
higher and higher to protect the land against flood. 
The land becomes devoid of the rich fertilising silt 
which results in deterioration of agriculture so much 
so that the yield per acre in Bengal i.s imw approxi- 
mately one-third of what it is in other countries. 

Controlled irrigation with flood water or flood 
flush drainage schemes where possible would certain- 
ly solve the malaria problem. The malaria problem 
in this region is mainly an irrigation and river 
problem. 

Fish plays another important role in controlling 
lualaria. Tt is the small fry which are more helpful 
in this respect but the people arc so poor and ignorant 

6 


that even the.se small fish are caught in plenty for 
use as food. 


3. C'oastal Regions and I'idal Zones. -In the coastal 
regions and tidal ‘areas the vector si>ccies resj)f)nsible 
for malaria is the saline water breeder A. sundairus 
111 the tidal /.one where the saline tiflal water during 
spring tide can get lliroiigh creeks and canals into 
nearby tanks ami pools f)r other water collections, 
conditions are created which are most suitable for 
the breecling of A. sundaicus. During the spring 
tide saline water may enter into remote areas which 
unless flushed by daily tifle increase in salinity owing 
to evaporation f>f certain amoiml t)f water for a fort- 
night. Such water collections, with ai)pearanee of 
afpiutic vegetation, become favourable breeding 
places for A. sundaicus. ’I'lns species has the fixed 
habit of breeding in the water colleclifiiis which are 
reached by tlie .spring-tide but are not flushed by 
the daily tiiles. Hence the rational method of 
control of J. sundaicus would bo either (a) to com- 
pletely prevent the tides from gelling into water 
collections and low lying lands or {b) to bring the 
area completely under the daily tidal influence of the 
river or sea. There .should nf)t be any com|>romise 
between the two. The flu.shing tliamiels should be 
provided with sluices so that the entry of tidal water 
into them during flow tide, or drainage from the 
countryside during low tide, ma\' l»e controlled at 
will. The entrv of saline water into remote areas 
can be prevented by keeping the sluices completely 
closed during spring tide. 

The designs of flushing channels re(|nire careful 
consideration. These flushing channels should serve 
the dual imrpose of flushing during the high tide 
ami draining during low tide. I'or ])nri>oses of de- 
signing drainage channels, the usual run-off for this 
part of the country is taken as -^4" per day. Know- 
ing the catchment area to be drained the required 
discharge for drainage alone can be tlclermincd. 
The figure must be increased to take care of the 
amount of additional tidal water that would be ad- 
mitted into the canal for flushing during flow tide 
and which will have to be drained out during low- 
tide. From the slope of the proposed canal (sloi)e is 
determined by the ground levels) the necessary w idth 
and cross section of the canal can be designed. 


If V velocity of flow' in feet per second; C — a 
coefficient of discliarge; A— area rif cross .section of 
channel in srpiaie feet ; |i - wetted perimeter of the 


channel in feel; r = livdranlic radius = ■ 

’ Welted perimeter 

™ - ; S-- hydraulic gradient or slope of channel = 

Difference in level h, r,,. 

di^mce' "-=y, h- fall in feet between points 

considered, 1- distance in feel between iioints consi- 
dered ; then V^ = Cv^rs, and Q — discharge in cubic 
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feet per second (cusec) — AC\/rs. The coefficient 
C can be determined from Kutter*." formnU 
41 ■fK'>+ 0 00281 + 1-811 

C= ^ * 1 _ where ii = ccxjfficieiit of rouRh- 

1 + (41-65+6 o 628'1) ii 

s V'r 

ness wliich varies with the nature of surface of the 
channel. For straight and uniform earthen channels 
in fair condition ‘n* may be taken as 0 035. 


Example. - A pr')posed channel is to drain an 
area of say six scpiare miles and also serve as a 
nusliiiiK channel for flushing the adjoining area with 
tidal water. The slope of the channel as determined 
by tile ground levels and the water levels of the 
river from which it is to be flu.shed with tidal water 
during flow tide, is i in 3,500 {i.e., a fall of one foot 
in a length of 3500 feet). Taking 
the run-off, the re<iiiire(l discharge would be, 6 sc|uare 

( i 2 x ^ WkS ) '*"“’“‘^7 

6 x 3 ^ X 17 (i inch per square mile per day is equi- 
valent to 37 cubic feet per second) ^ 131*5 cusec. 
Allowing for a flood water of say So cusec the total 
retjuired di.scliargiiig capacity of the channel would 
be about 300 cusec. If the depth of water in the 
channel is to be say /| ft. and side slopes of !>+ :i, 
then a channel with a bed width of ft. would 
meet the present requirements. This channel would 
give a maximuin discharge of 306 cusec as can be 
found out by applying the given formula. In actual 
practice it is not necessary to make all the detailed 
mathematical calculations, as ready-made discharge 
tables and charts are available for varying conditions 
of flows.* 


Lack of C( )-(^rdination 

Malaria in Hengal is in a large measure due to 
man-made causes. The Intergovernmental Confer- 
ence on Rural Hygiene (1957) pointed out that 
although in some Far Eastern countries a fair degree 
of co-operation had been developed between health 
officers and engineers for the avoidance of malaria, 
yet the engineer-made malaria in other countries was 
appalling. Such malaria was ‘due to improper siting 
and housing; indiscriminate aggregation of lalxjurers; 
uncontrolled jungle clearing, excavations such as 
borrowpits, brickfields and quarry pits; ob.struction 
of natural drainage by road, railway and canal em- 
bankments, with culverts too few and too high; im- 
pounding of water without regard to leakages, see- 
pages and raised water table levels; irrigation with- 
out drainage’. These causes ecpially apply to 
Bengal. 

• The data are n t sufficient to be convincing. Workers 
in the line may not agree with all the assumptions made. — 
Ed. Set. & Cul. 


Public Works and Public Health Departments, 
engineers and medical-CMm-public health workers in 
the past used to work in more or less water tight 
compartments. Much ground-work has been done 
in Bengal to co-ordinate the activities of the differ- 
ent departments, and engineering schemes inaugu- 
rated in the province arc first examined by the Public 
Health Department to ensure that they do not 
adversely aflecl the health of the country. Instruc- 
tions have been laid down for the guidance of the 
various departments in matters affecting public 
health with a view to controlling malaria in this 
province. Much more yet remains to be done. The 
lack of education and public health consciousness 
among.st the ina.ss are the serious obstacle. While 
niea.sures might be adopted for controlling malaria 
in an area, pr.ictically nothing can be done to 
prevent the people from creating further insanitary 
conditions c.g., by digging more borrowpits or 
dobas. Of course llio Union Boards and local bodies 
have got sufficient legal [towers to enforce i)ublii 
health principles if they seriously want to apply 
them, but it is rarely done, as in that case the next 
elections would probably see them out of office. 
RiLsscl dreams of a golden age in which ‘all civil, 
electrical and irrigation engineers in malarious 
countries will have some training in public hcaltli 
and specially in malariology as related to their own 
profession*. Medical officers should also turn mor*: 
readily to engineers for technical help. 


R.VlTON.tl.K OK PbAXMNC Mai.AKIA CoNTKOI. 

Malaria control for a country must proceed on 
three different and distinct .stages. 

I*hasc f — - . Medical men shonlfl 
make a .survey of the malaria situation and state the 
extent of malaria in the locality. 

Phase II — Scit'niific Rrsrarcli. — Biologists ai(le<l 
by chemists and i)hy.sicisls should carry on rc.scarcli 
and studies about the habits of the vector and it is 
for them to evolve a problem, and a sane and ])rac- 
tical i)roblem, which if .solvefl would eliminate either 
wholly or sufficiently the anopheliue vector. 

Phase III— Execution. — Engineer should now 
step in to take up the problem and find out means 
for .solving the i>robleni. As an example, when the 
biologists at Durraz/o found out that if the salt 
content of the mar§h could be increavSed to more 
than 18 parts per tooo, ‘Elulus* the dangerous type 
of mos(iuilo for that locality would not breed in that 
water, it was then for the engineer to find out a 
method of doing it, and he did it successfully. 

W’hat then are the known problems in Bengal, 
and what are the probable an.swcrs? 
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1. PVwT Htij, MaIvARIa — A. minimus zone. 

Problem. — Increasing the velocity of water to 
more than o’ 29 ft. per second and A. minimus would 
not breed. 

Solutions. - (<i)CleaniiiK the ed^es free from 
veR:etation -ininiediate results ; (b) Dense and coiii- 
])lele shading ; (c) Flushing after training the rivers : 
((/) Subsoil drainage to a limited extent. 

2. IN1.ANI) Plains — A . philippinensis zone. 

Problems. — (a) Deltaic area: — Silt laden water 
inimical to anopheline breeding. Hentley has shown 
with numerous facts and figures that in the deltaic 
regions of Bengal (when the flood water was un- 
obstructed) the prosperity of the jieople and the 
absence of malaria were due to a system of irrigation 
which flooded the land with silt laden water. Even 
in Egypt tlie red water carrying silt is associated 
with prosperity and the white w'ater with malaria 
Mild lesser yield of crop. How silt water is inimical 
to anopheline breeding is not definitely known. 
Bentley has given .several reasons which however can 
not be taken as conclusive. Much information in 
this respect is lacking compared to research work 
(lone in Italy. Very little is known about the 
varying silt contents of the different rivers and the 
degree of turbidity which is most suitable for the 
purpose of malaria control. Nor do we know exactly 
(notwithstanding possible reasons given by Dr 
Iknlley) how silt acts as a deterrent. If more exact 
knowledge were available in this respect, engineers 
could have offered more satisfactory solutions. Here 
is a vast field for study and research by scientists. 

Solution. — Flu.shing with silt laden water di- 
verted from the rivers by means of channels and by 
reviving the natural iirocesses. 

(b) High land.s-Non-dellaic regions; In many 
areas there is no possibility of flood flushing yet the 
malaria problem is very intense. The tanks and 
l)f)ols are the major breeding places. We know very 
little, practically nothing, which would help in 
offering a cheap and satisfactory solution. Here ’s 
another big field for research workers. 

Solution. — Oiling or paris-grecning, cleaning the 
tanks, herbage packing, in.sccticidal spray etc. and 
such other e.xpensive methods can do d<nibt lead to 
succe.ss, but poor Bengal cannot afford it. I'ish 
Seems to be the only cheap solution but in this also 
there are many difficulties. Will the scientists give 
ns a definite problem to solve? 


3. Cda.stai. Arfv\s and Tidal Zonks — A. sun- 
daicus zone. 

Researches so far have not given any definite 
range of salinity in which A. sundaicus would breed. 
It is said to be adaptable to wide range of salinity 
from very low to very high. Combined with this is 
the iiroblem of irrigation. Paddy will not grow in 
water having a salinity over 75 parts per 100,000. 
Certain types of crops can resist a maximum of 
salinity of 200 parts per 100,000. The agricultural- 
ists in these areas have put in marginal embank- 
ments for excluding saline, water from entering into 
the fields. The results have been that the rivers can 
not have a free spill. Water remains stagnant in the 
country side, and stagnant saline water is an ex- 
cellent breeding ground for A. sundaicus. Restora- 
tion of free spill would of cour.se control malaria but 
the crops would at the same time be damaged. Here 
is a wide field of re.search for agricultural experts to 
find out a croj) that would acclimatise itself to higher 
ranges of salinity. Here is a problem in which the 
interests of the cultivators and i)ublic health are at 
variance which the scientists may try to accommo- 
date. Abandonment of rice cultivation and develop- 
ment of pi.sciculture woidd no doubt be a .solution 
but that is not likely to be within the range of 
practical politics. 

Malaria is BengaFs curse. It is the one jirobleni 
that led to many, one that has crippled us, sapped 
our vitality and given rise to niter despondency 
which is about to ruin our very culture. It is 
a formidable foe which no single effort can control. 
The difficulties are that we are much behind in the 
development of Phase 1 1 of malaria contnd on which 
the greatest amount of stress must be laid by 
.scientists and research workers. It is a proved fact 
that given .sufficient funds malaria can be controlled 
in any locality. But where are the funds? Oil or 
Parisgreen or any insecticide apidied however effi- 
ciently and cheaply, is no solution. Poor Bengal 
can not afford to finance such recurrent expensive 
schemes to combat rural malaria. It is here that 
the biologi.sts and scientists must come in and find 
out some naturalistic method of control which would 
be .sound from practical as well as financial points of 
view. 

Let us all join hands and offer our humble 
mite. Here then is a great circle where the medical 
men can freely join hands with the engineers and 
with no less glory the scientists of all shades — 
Chemistry, Physics, Biology, Agriculture; and also 
Educationists and Financial experts. 
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BOOK REVIEWS 


Social Studies and World Citizenship - Hy L. J. F. 

Bkjmdi.k ntid J. May. Macmillan Co., 

1043, xii, 1 58. Price bs net. 

“However i)eople may disajjree about the form 
that the new social order will take, all aKree, though 
often vrfgiiely, that ‘things will never be the same 
again*. With the changes in the social order, 
changes in the educational world will conic simul- 
taneously, and when changes are inevitable, it is 
iiiciinibeut on those who have long wanted and 
worked for reform to be ready with clear ideas on 
the forms these changes should take.’* The book 
opens with this refreshing preamble. “Things will 
never be the same again” indeed. Wars are noto- 
reously devoid of anything constructive in the sphere 
of ideas ; but this war, unlike the preceding ones, 
has vigorously shaken the age-old inertia in the 
fighters, in the front as well as in the rear. What 
are we fighting for? they ask. Are wc fighting for 
our betterment or arc we to be enlisted once more 
in the post-war unemployment brigade? And 
preci.sely this trend in their thinking will be mainly 
responsible for the shaiie of things to come in the 
peace time. Similarly, in the years to come those 
who are keenly interested in social problems will feel 
indebted to the writers who are arduous enough to 
go deep in search of the bases 011 which our society 
is built and also bold enough to face themselves and 
ex]»ose before their readers the facts as they are. 
iVew paths in social studies can now be exploretl 
only when the classic view of the society as being 
btalic is given up and writers begin to reali.se that 
society must be studied in its proper persjiectivc of 
dynamic background. 

Once this ‘academic tradition* is broken the 
writers could he made to see the futility in studying 
society ignoring contacts with the people around 
him. This conclusion would bring thcTii a step 
nearer to the stern reality that social studies can 
only be considered thorough when its economical 
environment is given the proper jdace. Quotations 
are not necessary to prove that social behaviour in 
Arabia is different from that in IJ.S.A. and definitely 
not the same as in the IJ.S.S.R. A boy who has faced 
starvation in his childhood would obviously manifest 
features characteristic to his class differing exten- 
.sively from one born with proverbial silver spoon in 
his mouth. It is simple enough to distingui.sh the 
members of a tendal zemindar family by their 
manners and customs from those of wage earners or 


industrial magnates. Vices and virtues in an indivi- 
dual or a nation are too closely connected with the 
problems related to bread and butter. Repugnant 
though' such a notion may be to the sophisticated 
writers in matters ethical they are, nevertheless, true 
as conclusively i:)roved by the recent empirical 
investigations. 

Whatever the final analysis of the social struc- 
ture may be, lack of critical attitude of the writers 
make mo.st of the br)oks meant to be social studies 
mere superficial .studies. A similar limited vision has 
led the writers to believe that “Many agencies which 
can actively foster world citizenship are already in 
existence ; for example, the International Postal 
Union, Red Cro.ss Organ isatimi. Travel Science, 
League of Nations, rnternational Bureau of Educa- 
tion ....** But then the League of Nations and the 
hosts of International Bureaus, which in the writers’ 
judgment are temples of i)eace, could not preveiil 
the war, neither any sane [)erson would expect any. 
thing belter in future not unless the poisonous root 
of exploitation of one nation by another is exter- 
minated for ever. 

It is amusing to note while discussing at leiiglli 
the topic World Democracy the writers have reiwintod 
from The Tunes a letter from an aviator in the 
R.A.K. written to his mother, “. . . History resounds 
with illusirious names who have given all, yet their 
sacrifice has resnllcd in the British Ivmpire, where 
there is a measure of peace, justice and freedom for 
all, and where a higher standard of civilisation has 
evolved, and is still evolving, than anywhere else . 

In the oiiinion of the writers the aviator Is 
“a type which we as teachers together with the 
l>arenls of our children, must aim at developing for 
the generations to come.** I wonder if the writers 
mean to build world democracy on the foundations 
of which they have unconsciously given us a glimpse ! 

The writers share in the belief pathetically held 
by most of the ardent educationists that “The failure 
to teach the fundamentals of the international rela- 
tions is due either to an innate aversion to leaching 
such material, or more probably the inertia of ednea- 
tioiial leaders has kept it out of the cur ricu linn.” 
Under the existing circumstances prevailing in the 
five-sixth part of the globe education is controlled by 
the State directly or indirectly and the aparatus of 
the State i.s in the hands of the few men at the hcliiii 
thus, education becomes a mere .system through 
which the will of these handful of people prevail, 
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and no amount of enthusiasm expressed by the edu- 
cational leaders could alter the state of thiiiKS. 

The book opened with a statement which is in 
liarmony with the chan^^iiiK world, and as one turns 
the pa^es coming to the close of the book he would 
be naturallv led to conclude ‘all that glitters is not 
gold*. 

.V. P, M. 


Technical Education — By J. C. ChioSH, B.Sc. 
(Manchester). Preface and Introduction -9.S 
pages, main body of the book — 152 pages. 
Append ices- -156 pages. 

The book is a collection of different articles by 
the author published in some daily papers and 
journals. Main theme is the utility of and necessity 


LETTERS TO 

[The editors arc not responsible for 


PECTIN IN FRUITS OF THE INDIAN PERSIMMON 
(O. EMBRYOPTERI5,?EK.) 

A HOT water decoction of the mature fruits of 
the Indian Persimmon lliids an extensive applica- 
tion in the seasoning of the fishing nets and in apply- 
ing as a paint on the country boats. While .search- 
ing for new indigenous raw materials for tannin I 
turned my attention to this common fruit ((lab). It 
contains a pyrogallol tannin but great difficulty was 
experienced in the isolation of it in the pure state 
ill as much as the extract obtaine<l in the usual way 
when dried on steam-bath turns insoluble in water. 
Wiilc trying to purify it by the addition of alcohol 
to a concentrated extract of the stuff, voluminous 
gelatinous precipitate appeared which when carefully 
washed did not give the usual tests for tannin Vuit it 
responded to the tests for pectin. 

Another method was also found very suitable for 
the .separation of this stuff from the concentrated 
a(]ueous e.xtract. On the addition of hyilrochloric 
acid to the above mentioned extract the pectin scjui- 
rates out which can be washed with water and dried. 
As the fruits appear to contain a high percentage of 
pectin (about 50% of the weight of the fruit) and 
the fruits arc obtainable in great abundance at a low 
cost it may form a very good si/.ing material in the 
textile indu.stries. 


for technical education in India and an earnest appeal 
to the people to go in more for technical and voca- 
tional training for their own ec»momic interest and 
industrialisalion of the country. Such appeals might 
have been necessary .p.) or 50 years ago ; the i>reNent 
day problem is the e.stablishment of sufficient number 
of institutions for technical and vocational training 
of all kinds and standards to provide for all young 
aspirants after such lines of training, but one should 
remember that technical education alone cannot 
indu.strialise a country ; it simply supjdics the per- 
sonnel for the production side of the iiulustres ; a 
technically trained person is not necessarily a good 
business man. Alorcover under the i»resenl world 
cy)nditions a go(Kl and stable national government is 
a pre-re<jui.site for the indn.strialisation of a country 
which cannot be effected piecemeal. 

H. !.. R. 


THE EDITOR 

the vieivs expressed in the Icliers. 

Work is in progress in this labtuatory for the 
isolation of pure laniiin and pectin from the Indian 
Persimmon. 

H. Cl. BISWA.S 

Sir Prafulla Research Laboratory, 

Bengal Chemical it Ph. Works I.td., 

Calcutta, 3-T-TQ44. 


MEASUREMENT OF CAPACITANCE 

The note describes .1 iiiotlilication of the De 
Sauty’s bridge for measuring capacitance of the 
order of i /v* h'd. at audio frequencies instead of 
taking resort to radio freciuencies and radio methods. 

The well known Carey Foster’s A. C. bridge' 
fails to measure capacitance of the order of 1 IM. 
at telephonic frequencies. Instead of trying with the 
radio frequency methods a modification of the .simple 
Dc Sauty bridge has been tried in this laboratory. 

Hart.shorn’ has described a modification of the 
schcring bridge where the voltage applied has to ho 
stepped up gradually in order to attain the requisite 
sensitivity at balance. Moreover it is only apjdicable 



502 


SCIENCE AND CULTURE 


Vol. IX, No. 11 


in the case of perfect condensers of the order of 
I MU Fd. 

'riiis modification of the Dc Saiity*s bridge" 
enables ns to measure capacitance of the order of 
I /I/4 Fd. in case of iniiierfcct condensers too. The 
electrical connections are shown in figure i. 


T> 



Pig. 1 


The condition of balance in this network is : 
w[p+ . 


= R Q + 


3 S(B_+C») I 
’ <S+B + C3» 


[f W=R, we have P-=Q by e(iuatins the reals ; 
and equaliiiK the iiiiaKinaries we get 

SB ^ S(B + C,) 

Si-li’ SiH + C, 

< I I 1 SC 3 

- SBC, _ vSC,_ 

“is t B + C,) (vS+B) S + BiC, 

_ -SBC, + SC,(S + B) 

"(S+B -i C,) (S+ B) 

“ (S+ ir+c,)fs t- B) TsTBr 

becan.se C., is .small in comparison with (vS hb). Thus 
the value of the test conden.ser is Ct= -j g 


In each of the arms AD and DK of the bridge 
S is an air conden er of capacity o'ooi fi Fd. and 
B is a standard variable mica condenser (dial ijatteni) 


of value o’ooQ fi Fd. C3 is a continuously variable 
air condenser ranging from 50 to looo Fd. The 
resistances R and vS arc each ecpial to 1000 ohms. 
F and Q denote the effective resistances of their 
respective branches. The test condenser is joined in 
parallel to the two condensers in the AD arm so that 
its capacitance is directly additive. The DK arm is 
symmetrical with the first except the addition of a 
variable air condenser C3 in parallel to the bigger 
condenser B only. If C3 is changed by 10 /i/x Fd. 
then it will be seen from e(|uation (A) that the capaci- 
tance of O branch is changed bv 3 c= x 10= I 

X, jQQ 

h'd. Now for e.\ample if the caiiacitance of test 
condenser is r.^ u/t Fd. then the dial reading of 
variable air condenser C3 has to be changed by 
130 fifi Fd. and is directly determined by making an 
allowance for the capacitance of the connecting leads 
of the test condenser. 

The bridge though api)arenlly symmetrical is 
not perfectly syniinetrical and hence there is some 
difficulty in obtaining a perfect balance as deteclcil 
by the teleiffione. The lest condenser is in parallel 
to B and vS in AD arm while the variable air con- 
denser is in parallel with only the bigger condenser 
B in the arm DK. Hence extra resistances have 
been introduced in P and Q branches in order to 
have a balance of the phase as well. The resistances 
have to be adjusted for every reading of variable air 
condenser C., and thus tlie difiicully in obtainitig i 
good balance is overcome. 

The self cajiacity and inter-capacity of the con- 
necting wires becomes a source of trouble which has 
to be overcome by proper shielding and earthing 
devices. The relative positions of the connecting 
wires should not be cliangeil during one set of 
ob.servation. These inodificalioiis enable us to 
measure such low order capacitance at telephonic 
freciucncies witlioiit iniicli trouble. 

The author is indebted to Dr R. C. Ray and 
Prof. h. M. Chatterji for the theoretical discussions 
and practice! suggestions. 

B. K. vSahav 

Science College, 

Pallia, 2-3-1944. 

^Phil. Mag., 23, 121, 1887; Ann. Physik., 53, 499, 1894. 

* Proc. Phy. Soc., 36, 1924. 

* Kleclrical Mensuretnenls— Hams. 


X-RAY STUDIES IN JUTE I. PRELIMINARY 
OBSERVATIONS 

Tiik importance of X-rays in inducing germi- 
nal changes in living organisms has been recognized 
since the publication of the classical experiments of 



May, 1944 


LETTERS To THE EDITOR 


Muller^ on Drosophila. Suhse(iuently a number of 
investigators have experiinciited on the application 
of this tcchniciue in plants and have discovered that 
mutations could be induced in this way. I'hc cyto- 
logical and genetical changes accompanying this 
phenomena have been classified under translocations, 
inversions, duplications, deficiencies following chro- 
mosome breakage and gene mutations. Most of the 
iiiututions so induced are useless and inviuble from 
the Plant Breeder’s j)oint of view due to the un- 
balanced nature of the chromosome complements. 
But it is possible to create a number of abberranl 
types that may be used in analysing the genetic con- 
stitution of the s|)ccies. At the same time there also 
remains the remote jiossibility that mutations favour- 
able to plant growth and development might also be 
produced. With these aims in view, the following 
species and varieties of jute were x-rayed. 

1. Corchoriis capsularis var. D. 154. 

2. „ „ 1). 38C. 

5. „ olitorius ,, Cliiiisurali Gri-cn. 

4 . .. .. R. 26 . 

The seeds were packed in the <lry state in small 
cyliiiilrical card board coiitaiiiers and exposed to 
x-rays at a target distance of r; cms. The tube 
current was about 4 in A, operated at .^o kV. Each 
variety was exposed for i, 2 ainl hours. 

The treated seeds were sown at the Iixperinicn- 
tal StfUion of the Hose Research Institute, I'alla, in 
rows, with a spacing of 6" Ijetweeii plants and i foot 
between rows, with a control in each |»lot. A total 
of about 4000 [ilaiits were grown and their morpho- 
logical pecnlarities noted from time to lime. Some 
of the treated' plants developed branches at various 
lieiglils from the ground, even from the early stages. 
Complete gruwtli data was collected with special re- 
ference to the height, basal diameter, si/e of leaves, 
mid heights and iiuinber of branches if any, from 
the ground. The nature of the pigmentation of the 
oleins and leaves was also noted. 

In C. capsularis var. D. 15/I, one of the treated 
l»lants grew u]) to a height of 17 ft. with a basid 
iliameter of without any lateral branches. 

Hasal diameters as much as 2 1-" were recorded in 
Hie treated plants of this variety. The controls on 
the other hand had a lieiglit of 7-0 feet with a basal 
ilianietcrs of alioiit only. 

A number of idaiits with good heights and basal 
diameters and without side branebes were isolated 
from the above 4 varieties. The full details, includ- 
»ig a cytological analysis of the morphologically in- 
teresting plants will be published in due course. 

Seeds of the plants showing interesting devia- 
tions from the normal, were collected and will bo 
sown in this season to study their siibsciiueiit beha- 
viour. In addition to x-rays, the effects of neutrons, 


5oy 

ultra-violet rays and gamma rays in inducing muta- 
tions in the above varieties will also be tried during 
this sea.soii. 

It is alscj hoped, that by upsetting the genetic 
.stability by irradiation, iutcrsiiecific hybridi/ation 
may he possible, as attempts to hybridize the two 
species in their normal stale have not so far been 
successful. 

I am indebted to I.)r J. S. I’atcl, Director, Jute 
Research Laboratories, Dacca for the seeds. 

My tliaiiks are due to Dr S. C. Sirkar, Indian 
A.ssociation for the Cultivation of vScience, Calcutta, 
for x-raying the .seeds. 

K. T. J.vccm 

Cytogenetical Laboratory, 

Hose Research Institute, 

Calcutta, II ->1944. 

‘ Muller, H. J., 1927. “Artificial iraiiMiiiilalioii of llie gene”. 
Science, 66, 84-87, 1927. 


STUDIES ON THE PHYSIOLOGY OF JUTE 

Till* authors are engaged in a study of the funda- 
ine!ital aspects of the growth and development of 
the two sj)ecies of jute: C. capsularis (1)154) 

C. olitorius (Chinsura green) and a brief report of 
some of the experiments done in 1945 growing the 
plants in suilalde pots under statistical design is 
given below' : — 

(i) The effect of the lime of soiein^. Seeds were 
sown at intervals of 15 days, there being 5 sow- 
ings of C. capsularis from 15th March and 
4 sowings of C. oliloiiiis from ^otli March. 
It was seen that as the .sowing was delayed the vegc 
talivc phase was reduced except in the ease of the 
ist sowing of C. olitorius on 30-5-43 which flr)\vored 
ahnonnally early after 51 days and the 2iid sowing 
of C. cupsutaiis on the same dale, which also flowered 
rather early after 109 days, llic vc.getative periods for 
Ihe five successive sowings of C. capsularis being 
145, i<>9> II- and 96 days and the .same for the 

four .succcs.sive sowings of olitorius being 51, 1 2S, 

1 17 and 103 days. As the sowing was delayed it was 
found that in both the species the rate of growth in 
length increased, but there was no marked difference 
in the final height which varied between 10 and 12 ft., 
excefit in the abnormal ca.se of i.st sowing of C. oli~ 
tortus (which had a height of 4' 10") ; lesser number 
of internodes and leaves were produced, braiichin.g 
was reduced and the shedding of leaves from base 
were hastened. For all the different sowings flower- 
ing dates came very close to each other, vis., be- 
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tween the 7ili and i8tli August in C. capsularis and 
2otli and 2hth August in C. olilorius. 

Off season sowiiij>s in winter (October to Decem- 
ber) shortened the vef;clative phase and the plants 
remained very short with very few internodes. Sown 
on 2tSth September the plants flowered after 36 days 
in cupsitUuis with an averajie heij^ht of 3 ft. and 
27 days in C. olilorius with an average heij;ht of 
about 2 ‘s ft-i the lieights of normal season plants 
beini* to — n ft. 

(2) The effect oj Tholoperiod. Sown on 2o-/|-.^3 
two sets of each species were e.xposcd to short photo- 
periods of 3 hours less than normal dayli^^hl, one set 
from the gertninalion stajLie and the second set from 
when the plants were one month old. It was seen 
the 1st set of C. capsularis and C. olilorius Howered 
in 33 and 28 days and the 2nd set in 47 and 44 days 
and the control in and ij.s days ixSiiectively, the 
earliness in nowerini? beiii^ 81 and 67 days for the 
1st and 2nd Set of capsularis and 07 and 81 days 
for the same sets of C. olilorius. hlarlincss of flower- 
iim nas associated with dwarfness, fewer iiiternodes 
and more branches, makiiii* the plants bushy. 

In the winter with normal short photoi)criod, 
further reduction of the daylight iieriod had no effect, 
loii.iier photoperiod of 16 hrs. prolonged with arti- 
licial electric lij^ht however delayed lloweniij»:, with 
increase in heii^hts and iiiternodes. 

(3) The effect oJ verualizaiion : Soaked seeds 
with swollen embryos were exposed to temperature 
varying from 2 5®C for 7 days and 14 days and 
sown with control set. No effect due to treatment 
on the onset of flower, heii’ht ami number of inter- 
nodes could be observed. 

Similar experiment was re|>eated in winter ex- 
j)osin^ the seeds for 10 and 20 days but there tot» 
no difference due to treatment was observed. 

(')) The effect of slonif^e \ Seeds stored for i, 
2 and 3 years were sown aloim with the 3 different 
sowin^^s of the time of sowini* experiment. Except 
that the 3 year old C. olilorius seeds failed to ger- 
minate, there was no effect of storage for 2 or 3 years 
on height, internodcs, branching, onset of flowering 
etc. in the two species. 

(5) The effect of X-rays : Soaked seeds with 
swollen embryos were exposed to two doses of X-ray 
500 and 1500 r. units at 100 KV., 10 mil. amp. and 
sown with control. No difference on the rate of 
growth, height, iiiternodes and onset of flowering 
could be seen between the control and treated plants. 
About 20% of plants treated in 1500 r. units re- 
mained short and the stem showed a dichotomous 
bifurcation at the loth or iilh iiiternodes gciicrallv 
after 5th week of sowing. 


Our thanks are due to Dr J. S. Patel for the 
supply of pure seeds, to Prof. P. C. Mahalanobis 
and Mr R. C. Bose for the design of the experiments 
and to Dr S. Miikherjee for the use of the X-ray 
apiiaratus. 

J. C. Skn Gupta 
Nikad Kumar Sun 

Botany Deparlnieiit, 

Presidency College, 

Calcutta , 25-3-1 944 . 


ESTIMATION OF CAESIUM IN PRESENCE OF 
POTASSIUM AND RUBIDIUM WITH RARE EARTHS 

Tin*: close similarity in the chemical behaviour 
of potassium, rubidium and caesium has led to 
minierous allcmpts to separate one from the other. 
Ill most instances, the separations are only partial 
and none of the methods so far i)roposed is in any 
seii.se cjnaiititative. Tlie .standard methods of alkali 
analysis are the perchlorate, coballinitrite and chloro 
plalinatc methods uhich precipitate all the three 
alkalies without any separation. 

O’Leary and Papish* made a critical review of 
the various methods available for the separation of 
the alkali metals where thev hial sln)wn that none 
of the methods are siiflicienlly accurate. They pro- 
[)osed an im]>roved nictliod fm* the (juaiitilaliv.' 
determination and separation of potassium, rubidiuiM 
and caesium based on the use in sw.'cessic)n of 0- 
pho.sphoiiioh'])dic acid (K-salt being soluble), silicf>- 
lungstic acid (Cs-salt being insoluble in h-N hydm- 
chloric acid) and finally weighing caesium as cliln- 
roplatinate. According to the authors “The method 
pro|)osed does not afford the clean-cut sharpness of 
separation that is desirable, though it is much more 
reliable than those hitherto iMojiosed. The average 
error intngliiced in the course of the analysis by this 
method is two per cent. 

Sarkar and Goswami'* while preparing the tripk 
nitrites of the rare earths CsaNaRfNOalr. observc<l 
that these nitrites furnished a delicate miehrochemi- 
cal test for caesium, the limit of identificalion being 
4 X ro-* g. The test is specific for caesium; rubidiutn 
and pota.ssiiim do not interfere. 

We have recently observed that the reaction i'' 
(jiianlitative, caesium being precipitated (luanlila- 
livelv from the solution under specified conditions 
and have developed a inctlnxl for the c|uantitativ«: 
determination of caesium and its separation from 
rubidium and potassium in one operation. The i>rc 
cipitate can be directly weighed in a gooch. l?ven 
3 mgm, of caesium have been estimated accurately. 
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Macro quanlitics can be estimated with an jiccnracy 
of o' I per cent, ^licro .uravinietric and voliinielric 
esliniatioiis are in projiress. 

r. H. Sark.vr 
N. K. Drrr 


I'liiversily Colle.i;e of Science, 
liior.caiiic Chemislry LalKuatory, 

CalcuUu, 7-/1 -Pb 

' O’lycarv niul Papisli, Imi. cj’ Clicni. .Inal. Ivli. 107, 
“Saikar aiul Goswaiiii, /onr. Inil. Clicni. .SV)<-., (JOS, 10A5. 


SYNTHESIS OF THE ALICYCLIC SYSTEMS RELATED 
TO THE STEROIDS 

A few iiK)del exi)erimenls have been carried 
(•111 In build up a fused s\'steiii coiisisliii!; of H, C 
and D riiiL*s with tlie C,.rinelhyl i;roup and the 
iruoctyl side-chain characteristic of the sterols, starl- 
in,!.; from cyclohexane derivatives. Ihhyl niethyl- 
malonale was condensed with is<»liexyl iodide to .yive 
llie correspondiiiii malonic ester (i22-2.s°/7 mm.) 
which was hydrolysed with sulphuric and fonnie 
acids to .qive <(-dimethylhei)loic acid (i i5-kS°. o mm.). 
The acid chlori*le of the above acid reacle<l willi 
dia/o-melhano which was subsequently decomp<»sed 
with hvdro-bromic acid to yj’ve the bonno- 

kvloiie mm.). Next it was c<;n(lenseil witli 

die sodium-salt of ethyl acehj-acetale kept under 
itlu-r and the condeiisati<m product was hydrol>sed 
wiili 4‘,\. caustic soda solution at Oo^C for live hour.^. 
<11 eo-)lin.L' it was aeitlified and boiled for ten iiiinnle"-. 
Tile intulnct whicli was isolated from the leaclion 
iiisiiire was j-isooctylheptane-^ : o-dione (i2.:-27^/u 
i.iiii.) and not the cNpected cyclopeulenoue deriva- 
tive. 

Next methylcyclopenleiie was oxidi.scd in acetic 
a(id st)lution with selenium dioxide and the alcohol, 
i.^olated by the known method was converted into 
bromide which was condensed with the potassium 
salt of cyclopeutanone carboxylic ester. A product 
was isolated boiling at i.?o-.kS°/l which on 

Ii.i’droly.sis with baryta nives 2-inethyleyelopentenyl 
eychdiexanoiic (ii 5 - 35°/7 mm.) in a ])Oor yield to- 
kelher with a lii.i^h boilinj’ i*umiiiy product (255-40°/.} 
nun.). Cycloliexyl bromide was condensed with the 
liolassium .salt of cycIopeiitain)iie carboxylic ester to 
.eive eyclohexylcyclopciitanone ester inm.) 

which was hydrolysed in a sealed tube with IICI to 
.^ive cyelohcxylcyclopeiitanone (105-107°/ 7 mm.) lo- 
kether with a hij>lily crystalline solid residue. lUhyl 
A^'V'yclohexeuyl acetate was treated with bromine 


in tertiary butyl alcoliol. Next the element of hydro- 
}4:en bromide was removed with sodium methoxide 
when the unsaturated bromo-ester was obtained boil- 
iim at i:;o-:*5°/7 mm. It eondeiised smoothly with 
cyelopentaiioiie earboxylic ester in ineseiuv of 
potassium when the product was isolated boiliui; at 
105-200°/ 10 mm. Catalytic liydroi'eiiation j'ave a 
clear colourless oil ljoiliij.4 at i<>5-7'>°/.i nim. (I). It 
was hydrolysed in a sealed lube with IlCl and the 
free acid was esleiilied when the kelo-esler was 
obtained bniliu.e at. i io-.|5°/ ^ mm. The keto-diester 
(I) was allow eil to leact with methyl maejie.sium 
iodide and llie crude hydroxyesler so obtaiue<l was 
dehydrated with Ihionyl chloritle and |)yridlne to iAive 
the iinsalurated ester lM)ilin;; at (i(^^’-7A°/| mm.). 
Ilydroly.sis with methyl alcoholic potash L;ave the 
free acid which on tivatmeiil with PnO., in ))eu/eue 
solution j.ia\’e a ketonic lU'oduct (1 4 mm.) in 

a very ])oor \ield. This could not be isolated in 
sufilcieiit fiuaiitity but it .nave a seinicarha/tme ^ome- 
wliat coloured melliii.i' at 2.v‘'-.l2°. The free aciil 
was converted into tlie chlorale, which on treatment 
with stannic chloride .eave a chloro-ketoiie (II) in i 
poor yiehl (i|0'5o°/5 nun.). 

C()..l‘t 
/ O 
Cl I. 

! i i 


I 1 co.i'i 

( 1 ) 


Cl I., 
CO Cl 



I I COJM 
(II) 


Active investiiiatioiis .-.iv in i»n)L:ress witli <1- 
methyl < -deciiloiie s>r leiii'- 011 the one siile aiid iso- 
oclylcyclopentanone cailsoxylic ester seiwiip^ as the 
second coinpuiieiit thereby leadine to the buildiiu 
up of the complete skeleton < 4 ' the sleinl type of 
molecules. I'licoura.'iiuL- results lia\e l>eeu ohlaincd 
and this will form the .subject matter of the next 
communication. 


(hir .eralefnl thanks arc <lne to ITuf. P. C. Mitter 
for his kind interest and advice durin.u the course of 
this piece (^f work. 


P. C. J)l'TT\ 
M. C. Mittkr 


Sir P. C. Ray I'ellow 's baboralory, 
Dcpartiiieiit of Chemistry, 

Q2, Uf>pcr Circular t(oad, 

Calcutta, 7-4-104/1. 
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THE DAMODAR FLOODS AND AFFORESTATION 
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Tlic cuiiiiiieiit.'iry f»ii a discussion liy llic Central 
lioard of Irri.ealion, on llio Dainodar floods and tlic 
.general iiroMeni of ilood control, aiii)earine: on p. 2:^2 
of llif nctvinI)C*r issue of “Science and CuUnrc“, 
is likely lo j^ivo a wroiiLi impression on the value of 
alYorestalion in reduciikQ floods. 1 refer particularly 
lo tile remarks : 

“Tile claim of alTorestalion as expressed in 
the above discussion seems lo be lii.ehly 
e.\ae.eeialed and is quite conflict iiij; in ils 
scientific bearin.e;’*. 

Apart from the use of quotations »»ri.L*.iiialine »•« 
i().Si and hj;o lo try and disprove a siaUnunt made 
by a technical exi>erl in io|,^, the (inolalions them- 
selves do not pro\ide vi-iy convincing; support for the 
commeiil'iry (pKded above. 

^J'he I’ust held that alToiest.-ilion should be 
StroliLily encourai^ed but staled that its elTect on 
floods was imletcrminate. This was in lo.u. 

'rile second (|Uolatioii re.id : 

“Heteiision dams, dvkes and similar eiivj- 
nceiini' measures are essential to rcin/di.h 
flood control in localities where the hazard is 
iinusn.'dly severe” (the italics are mine). 

It is not my purpose to di.->ciiss the prt»s and coiis 
of detention reservoirs, but it is clear that without 
measures such as alTfJiLslalit)!! and j»roi>er methods 
of ell Iti vat ion in the iqiper catchment, to prevent 
soil bein.e washeil into the livers, detention reser- 
voirs would soon lose there value, liecause if the 
.sand washed df>wn Is lra].|Kal in tlie reservoirs they 
will sill up (as has hai-pelled lo Several reservoirs ill 
America), ami if the .siiid is allow i-d t<i be tarried 
dowiislivam it will be a caii.se f)f ilooils In tleposii- 
in.t; downstream.' Hence the word romf^lttr in the 
.second <iiiolatiun, ami it is clear that alTt»restation 
and pniper land eontn.il are intended to be tlie 
)?riniarv measures to be taken. 

h'ar from beiii.L; exa:;.i;eralerl, the li.eures tjiuUetl 
at the meetin.n ol the l?oard were lia.sed tm data. 
Here are some more : 

I. In an experiment it was found that iiKiro 
than .?.) limes as niiicli water ran off 
from the bare area as from that covered 
with litter ; .^500. limes as much soil 
may be washed by rains from hare soils 
as f;v>in soils i>rolected under a rela- 
tively thin et)ver of leaf litter.® 


II. Over a period of seven years the averajte 
loss of water by nin-ofl' on bare, tin- 
onltivated f:»round, was over /jo [ler cent 
of the total i>rccii>itation, and over i.s 
tons of soil per acre were eroded per 
annum. On beins veiled with a complete 
\e.L;elal cover the average aniuial loss by 
nin-off diirini^ the same period was o'.s 
per cent, of the total ])iccipitatioii, and 
the lo.ss of .soil thr()U)4h erosion was nil. 

These experiments clearly demonstrate not 
only the vital neces.sity of maintainiii*' 
the ve.eelal cover, but also the care tliai 
must be excrci.sed in the niaiiajuemenl 
of .'liable land if losses of iiioislure and 
soil aiv to be kept dcwvn to any dej;ree 
of insi.i^nitjeanee. ‘ 

III. 'rile follow in:^' are extracts from data ol 
niii-olf and water absorpti«)n for loessi: ! 
soils Holly Splines, Mississii)pi, H.S.A.' 


Viol 

iiUllfilll 
iVo'-Oi hi'il 

.’ q nan lily Of 
* .soil CKhIC'l 

Oak fori->t 

‘.19 

1 

iJertnmla pa>liirr j 

IKi 

■1 

Uarini ahamloiK-d land ... 

Cultivated roUfni fow-; uti 


3a 19 

viuilour 


, la’s 

Cultivated on sl«)])e ; 

11 

131)0 

1 


W'liile fjuanlitative results rlepeiid lo a con.-mkr 
able extent on local e<mditions, ground slo]>v, 

and eliaraeter of sf»il, tbe enormous inHiieiice of main 
lainiii.e ve.eetaljle eov«. and of proper cultivation 
nietliods, on floods and soil erosion, surely needs ii" 
fnrtlier proof. 

Secretary, 

Central Hoard of Jrri.ealioii. 

Kennedy House, 

Simla, S.W., .i-:-io]|. 

‘ Rt-maiks of Mr Ineh-. »pioUsl in Scu-nck .wd Cci.Tcin , .‘k 
23?, H14.k 

* Si’oU Lt*:iviLl : ■‘The NalioiiMl .X.sjjeets r>f Soil ICrnsimi aisj 
I’lunils niui Ihfir i'ciiitrol hv WeeUilive rover”, Joi'iihU 
of iunesliy, Washin^^lon, Slarrh 11M2. 

■■ t'nicai of South Afrira, Di'pl. »)f i<: For. “Soil hr«i''i"ii 

t'liiiirol in the Pnioii”, l‘M8. 

' H. ( 1 . Ak-j;iiiiiis : “l\ffert of Cover 011 Siirfiire Rini-'IJ 
.'Hill Ivrosioii, bof'^sial uplatid.s of Missi.ssipj)!”. 
by k. M. ('.orrie : “The Measiireiueut of S«)il 
ami Run-off”. The Imlian Forester., Dec. 1937, p. 



May, ]{)44 


LKTTKRS To THK KDITOR 


507 


II 

We have piibli^liecl a letter received from 
the Central Hoard of Irri.L'alion. In eonncelioii with 
the various coiiimeiitaries which have acciniuilatcd 
ill eoiirse of the controversy on the relative efllciency 
(»f alTorestatioii and flood detention dams on flood 
control with special reference to the Damodar, we 
note the followintr imi)ortant issues : 

(i) The topic is extremely controversial, opinions 
eoinj^ to extremes ; one set of aiitliorities say that 
jilTorestation reduces the run olT, while others say 
that it may also increase the flood tendencies (for 
i-xample, vShermaii Woodward, Chief Planner, T.V.A. 
Headwaters control and use: l-pstream I^iieineeriiii; 
Con'.’erence, !>. 2io). 

(.d Such widely conflicting, results cannot he 
explained away without i^oinj^ into the tletails of the 
individual experimental eoiidilioiis, and any .eeiiera- 
lisalion would l)e unscientilic. 

(.d Selected lahoralmy or controlled la-ld expel i- 
uieiits cannot he accepted for .eeiieralisatimi of the 
-.tateinent that afforestation holds per cent of 

the ])recipitatioii, for it is not known how far these 
lahoratoiy or field iiieasiires can be actually translated 
lo a lar.iic catchment area. It woiild be more hoiiesi 
t») accept the result of the T. S. Cisiliau Coiisei Na- 
tion Corjis which .i;ives a maximum awra.ee retarda- 
lion of .20-15 per cent <mly, as ob^e^ve^l on i.]i natural 
watersheds of the conntiy, tlinmijli the ad»»|*tioii of 
practicable erosion control methods. 

Kxteiisivc arp'reslatioii, plant iii.i*', terniciny, 
<];. kine, etc. woiiltl obviously iiicre.ise the fiL-ure b»r 
i\ iardati<in of tlie nni-olT but that may not be pracli- 
e.'ible over lare,e natural calclimeiU areas «bie to th.e 
abnoniial I’osl which may lun up to asiroiiomical 
*':;iires, for, these measures amount to ])Ultine, seriv. 
'll (lams loinid e\erx' hill, and every Nli.p-n;; lands 
"11 the catchment aia a. 

(.1) Mr filass considered the (jiieslion and re- 
marked tliat lar.L^e expenditure on alloiestatioii would 
be inadvisable for coiitrollin.e: the flood of the 
I'iaiiiodar, as the heavy floods are caii-'ed entirely by 
heavy rainfall from u to ij inches falling within .24-7’ 
hours. In such case the soil is .saturated with water 
Jiiid can no more retard the nin-olT by soakine; in 
J’pite of its ve^;ital cover. In such cases, all dams 
loiiiid ‘hills and slojies* would ^ive way, and floods 
cannot he helped. 

(5) I‘*or iiiititiation of flood, forest cannot be 
taken to be c<inivalent to stora.i;e reservoirs as thev' 
aave often been claimed to be. Professor Harrows ^ 
has remarked : “Unfortunately, too, the advocates of. 
forestry in their zeal for forest i>reservation t)ften 
'tiake broad and uiiqualified statements characteris- 


in.e all forests as water eoiisei valors and usin;.; this 
often erroneous statement as their argument lo justify 
continued forestatioii, instead of allow iiii; the w 01 thy 
objective to stand, as it should, on its own merits”. 

bfl Tli(.re is no dilTereiicc* of opinion re.uanlinLi; 
the eflicaev of afforestation on soil conservation. 
AfTore^lalioii would l.’ie ceitainly valuable not only 
lo-r coii.'xi. i N ine. acricnlliiral soil ])ut also for llii! safety 
of the dams which should be erected for con- 
:-ervatioii and controlled disposal of the water re* 
.‘'OiilVeS «»r the vallev. 

AlUn'estnlioii inthiisiasts siiujily i-imre the vast 
anioiint nf work done in the f. S. A. in the jne- 
Veiilion of iloods hv (leleiilioii dams. Iluiidieds of 
detention dams liavtr been eoiislrnekd, are function- 
in:^ jiroj.eily, and ihuxls liave buLii controlled 
witli the additional :»dvanla'.w <»f walei' eoiilri)] in 
river an.] on land and ft»r the i^eueralion of electi icilv. 
Pn»per de-sillim^ melh(«ds have been devised by Ireat- 
iiie the calclimenl arias pn^jK-rly, and liaiidb'ii.u llie 
stored 'v:\ler -cientifieally . 'Pbe detention dams on 
the erodable iMtehiiRiit a eas ^I'he Koosevell 

Pain, llie lde]‘!KmL Ihitle Dam, etc.'- are ft met ion ini;' 
rtiiite re.L.nlarly and sho'.’v no si'.’.n of ra]»id deleriora- 
lioii as would be piedicted Ia' afloie-'talif)!! experts. 

Calcuila, vM-ii.r P'.d.- SciKNec. \.\n C'n.TruK. 


AN INTRODUCTORY NOTE ON THE CHEMICAL 
INVESTIGATION OF THE PLANT NEGUNDO* 

(N. O. VERBE^ACEAE) 

'riiic plant i'ili'.v has been Used in Indian 

nii-diciiio from anli(inily both by .\ynrvedic and I’li mi 
l»r.n titioiieis. We I’lnl a. descriiilion of the idant 
tir^eiher with its uses in such standard books on 
Indian niedieiiies, Pliannaco.i;ra|ihia Iiidiea - 

I'v'inock, Warden and llopi)er, Kirlikar Pose Indiin 

-Medicinal Plants and Xadkarni linbaii Materia 

?'lediea. Alllioiiyli tlu.‘ driii* is a very popular remedy 
for iheumalism, iiinammation fever and a variety of 
other diseases, we find that i»raeti('all v iio work has 
been (lone nn its cliemieal (.onslitueuts. 'I'liei e are two 
clo-ely allied .s])eeies of the ]»laiit one is called rdi v 
ucj^iiuilo and the other IV/iw hiioliii and we lind that 
the N’ernacnlar names (.Xishinda .Vireimdi - .Mewri — 
J’:mika Sainhlialii etc.' are applied to I'oth these 
species. At present we are workin;.; on the species 
17 b’.v which can be clilfereiitiated from the 

Species T. IfijoVhi by its compound leaves 5 to 5 

foliate stalked, the leaflets heini^ lanceolate, acute, 
entire or rarely creiiate, while in the other species the 
leaves are trifoliate or simple, the leaflets hein^ 
sessile, obtuse and always entire. The flowers and 
fruits of the latter species are also .slij.;htly larj^er. 
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Ayiirvuilic literature rccoiiiniends llie use of tlie 
leaves, bark, roots and seeds of tbe plant. W’e have 
isolated in our laboratory fnmi llie leaves an essential 
oil with the followin.n charartoristics : Colour -pale 
j;reenisli yellow, Odour very diaracterislies, Refrac- 
tive index r4r.s vSpecille ^4ravity with refereiu'e 

to water at j;>° -o'oji5, ()i»tical rotation in a lo per 
cent solution in clihirofonn-'-nil. The oil when 
ai>i)lied t(> the ton.uiie has some cordiii.u effect. 

hVoiii the air dried leaves of the plant we have 
))een able to isolate an alkaloid which has been 
Cl vstallised in the form of its tartarale (M.P. 
Charrin.Li ^|:j®C.). 

Further wink on the constitution of the oil as 
well as on other constituents of this idaiit is .cfHii.L*- 
on in our laboratory and will be published elsewhere. 

N. K. Jhsi: 

( 1 . IL SiNC.ii 


JlepartmeiU <»f Fharmaceutic.s, 
Uenares Hindu rniversity, 
Ileiiares, lO-’-iOj-j. 


A NEW BALANCED INCOMPLETE BLOCK DESIGN 

Ii*' v objects are arran.eed in b sets of k (.'bjects 
each Midi that e\ery object occurs in just r sets ; 
and every pair of objects occurs iii just A sets ; then 
We .eel a ‘I»;d:iiiced Incoiiiiilete Flock Hesi.e.n’. Sc,di 
<lesieiis are iiiipfii'laiil for a.e.riciilliiral held e-s'i-eri- 
nieiils ainl in other bi(do.eie:d researdies where statis- 
tical niellioils are appliealde. T!ie parameters 
v, 1 ), r, k, A are subject to the relations 

bk ■■ vr ; A{v- i)~r(k- i) 

and as shown by F'isher b=^- v. Only desi.ciis for 
wliidi 10 are of interest. Inle.eral values cf the 


l)arametcrs consistent with the above were given in 
the first edition of Fisher and Yates tables,* together 
with the known combinatorial solutions. A number 
of solutions for previously unknown cases were added 
later by R. C. Dose" and others. These researches 
have enabled Fisher and Yates to fill in, in the 
second edition some of the blanks wliich were left 
in the previous one. A number of .s«hitioiis how- 
ever still remain nnkiiown. I give here the solu- 
tion for the case v-iA, b — .24, r-g, k-g, A = 3 
which has hitherto remained unsolved. 


(1, 2. 7. 8, I-l. 15). 
I.l 5. 7, S, 11, l.U. 
(2. A. 8, !), 12, ir>), 
|2. 5 , S, l). 12, 14), 
(I, li. 7, !), 12. lo>. 
(2, S, 7, 10. l.L 15), 
(2, 4. 7. 10. 12, lo.. 
(2, 4, 0, 12. 14, 15), 
(1, 5, 7, 0. 12. 15). 
(2, 4. 0. 10. 11. 12). 
|2, (5. 7. 10. 11, 14), 
(I. 2, 2, 4, .s, C). 


(I, 4. 7, 8, 11, 10) 

(2, 1. 8. 10, 12, 14) 

{5, 1), 8, 10, 15, 10) 

(I, 0, 8, 10. 12, 12) 

(I. 2. .2, 11, 12, 15) 

(2, 0, 7, 0. I I, 111) 

(I. 4. 5. 1.4, 14, I(i) 

\t, 5. li, 11. 12, Ui) 

(1, 3, l>. 10, 15. 10) 

|4, 0. 8. 0. 11, 15) 

(1. 0, 10. II, 14) 

(11, 12, 12, 11, l.^ li 


As pointed out by Mr II. K. Xaiidi of Statisti- 
cal baboiatory, Calcutta, this solution lias a special 
inlere.-’l because from it cannot be obtained by a<l- 
j unction the solution of the cnnvspondin.e symmetri- 
cal design v-d) • 4.S, r — k-o, A-- ; ; as the two bloc’-:- 
(I, 1 ), S, 10, i:j, i ^.. ;ind (i, 0, 7, 0, 12, 1.0 have four 
treatments in coniiinm. vSo far as 1 know this 
the first examiile of this kind. i\ 4 ails of the indlKid 
by wliidi the solnlioii was obtained will ap])ear else- 
wlier*;. 


K. N. Hiivn’Aciivnv'. 

Stali.Mical Labiiraloiw', 

Fresidem y Colie re, 

Calcutta, 


‘ R. A. l•i■-l»l‘r, Mtiil I'. Vales, Stalistiral IriliiiS fur '• 

AgririilUiral ami AIi-«lii'al Rostraivli, I'ir^i laiiliuii U'.'2S), 
Si.'<'«»iid 1 1042). 

• K. On llu- n 111 a nil ! ion of Ilalanci il Incfniipli ii- 

niock Do i-n-;, .luual.-^ of liniiciiic-., V. .?.- 2 -. 20 .O, lf).<l». 
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FAMINES, ROYAL COMMISSIONS AND COMMERCIAL 

COMMISSIONS 


Central Legislative Assembly and tlic Council 
of State liave discussed over several sittings tlie 
recent famine situation of Heiigal, and after all, tlie 
powers that be decided to send down a Commission 
f>f Fmiuiry wliicli is expected to be embellished with 
certain insignia of Royalty or something near regal 
to it. Post-mortems have always to be performed 
on every individual dead of causes other than natural. 
The near million that according to official c.stimatcs 
tlied in Hengal last year of starvation and the other 
millions which probabl\' escapied official notice cannot 
obviously escape this ritual. And pcrhajis as a mauso- 
leum, a gilded report will crown the ashe.s of the 
mass cremation. The poet has sung the doleful dirge : 

"I'an storied urn or aiiinialed hus* 

Uiiek to its uuinsion enll the tleeliiig hrentli f 
Can llfiniuir's voiee provnkv.* the sik-nl <lust, 

Or Idiitt’rv 'ioollie the dull cold ear <if Deulli?” 

The words were indeed ]>iegnant with prophecy, 
^lany a Royal Commission have skipped over the 
country during racing seasons and gone back to send 
us an arm-chair or fireside message. 

The Famine Commission ol i.SSo set up after 
the terrible famines in Orissa (1872), and the South 
India Famine (i«S77-r.S7iS) to find some practicable 
means of avoiding famines or at least of mitigating 
their worst effects was the first body to study 
seriously the po.ssiblc methods of improvement. 
Definite action began a . few yeai> later: in iSSo 
Dr Voelcker was invited to India to advise on the 
steps to be taken ; in 1802 Mr James Mollison was 
appointed as technical Deputy Director for the 
Honibay Presidency ; Dr J. W. Leather came out as 
agricultural chemist to the Government of India, for 
the improvement of agriculture was then regarded 
as a matter more of chemistry than for any other 
science ; sugar cane diseases were causing much loss 
to the cultivators in Madras and in iSgS Dr Uarbe* 


was brought from the West Indies. Yet the last 
century ending with iqoo .saw no less than 31 famines 
which carried away .^2 million souls (roughly as 
much as the entire population of Great Britain) to l)e 
followed only by another Famine Commission in rgoi. 

We shall now e.vamine the findings of these 
august bodies and their wise recommendations. The 
general conclusions may be slated in thejr own terms. 

‘*lii g(WMl U'firs In* (the ludirm |)i‘as.'inl) IffiK lutllimg lo 
hojM? ff>r (‘.xiTpt n hare siil>sislLiu‘e : in had years he falls 
I>ack on juihlic charitv.’* {Rvfyorl 0 / Ihr Famiur Commia^ 
shn, 1901). 

*‘Il is not surprising to find llial the liishiry of the 
Indi.in Agricultiin* in lliu last 100 yu.irs is ihe history of 
progressive and continuous deterioration of the soil.*’ 
(A’t’/Jor/ ou the JwpriiVi’inoul of huliau .\}>rifHlftirc, hv Dr. 
J. .\. Vocleker, 1S92). 

And what remedies ! ! 

“The nuni?)iT.s who have no other empkiynient th^ 
agrieiilliire arc in large iwrts of ihe country greatly m 
excess of those retpiireil for ;i thorough eullivalioii of the 
hind.” {Report of the Fam'nic ('omntisshn, 1880).* 

So get rid of them ! ! 

“We attach the highest iin]X)r1ance to the estahlishineiit 
of .some organisation or inethfxl whereby cultivators mav 
obtain advam'cs iiecessarv for carrying on their Imsincss 
without pacing nsnrioiis rates of interest." (Report of the 
P'ainhic C’tinn'.i'ision, UMU). 

Gold, rilver and inffatcif paper is a substitute for 
rice and dlial ! ! 

• The I'ainine Coniiiiission of ISSO cli*arlv rccogniseil 
that to prevent recurrence of famines, not only was agricul- 
liire to U- iniprovefl, hut industries were also to l>c 
encouniged. We nuote from the rejxirl : — 

(1) In treating of the iinprovetnent of agriculture 

the more scientific methods i>f ICurope mav he hroiiglit into 
practiral operation in India by the helj) of specially traineil 
experts, and the same general system may he applied 
with success both to the actual operations of agriculture 
and to the preparation of tlic market of tlie raw agricul- 
tural sl;it»les of the country, 'rhere does not appear any 
reason why action of tliis sort should stop at agricultural 
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“No remedies ;ire possible except llinuijijh the spreail 
of education, llu- j^radu.'il .vtrowtb of pnivideiit and sclf- 
.siipportinj; cpialities under llie in/hieiice of painful expe- 
ilience and llie siiceesN of the slmiim-r and lliriflier indivi- 
duals ill tilt sii-ii>r|^Ic for life.” (Kiporl of thr Famine 
Commission. 18S()). 

A f;o()(l moral U'cture to ompty stomaclis, but 
jirobably ibronjji o\vrsi.i*ht it was not meiilioiUMl 
that loyalty pcriiaiis will iill in the other delicicncies 
in the attempts to reach the .eoal ! 

Jhit onr saintly poet Kavir has .^iveii a better 
.solution on the same tunc : 

bun^'ry iiinn cannot perfonn Thy serviee. 

Take back this rosary of Thine. 

I only ask for the ihist of the Saint’s feet, 
bet me not be in tlebl. 

I be.e for two seers of Hour, 

.\ rpiarler of .seer of butler and salt. 

I bef.j for half a .seer of pulse Id.d), 

Which will feed me twice a da\ . 

I have never been ciwetous 
1 only love Thy naim-.” 

(.)r perhaps the real solution lies in chant iny the 
Ihblical prayer thrice a day : 

“(til bord ! ('live until us this day our daily bread.” 

. Then came the Royal Commission on Ajj;ricnl- 
tiirc in India in igj6, which promised to inaih;nrate 
a new era in the life of the Indian conntry.^^ide. 

Indeed .'the eleven p«)nderons volumes of report 
were meant to itave the way for llie enthrone- 
ment of the farmer in the re^^al palace of 
the citadel of India and the ,t;razinti of onr 
fair fields and pastures by certain John Ihiirs 
bulls, ft founded an Imperial Council of Agri- 
cultural Research and “One of the conditions 
laid down was that the Coniicirs activities should 
periodicttlly be reviewed by some disinterested 
iixpciTs.“ The honour of beini*- the first to do this 
fell on the lar.ee shoulders of Sir John Russel, 
Director of the famous Rotliainstcd Uxperimciital 
vStation and Dr N. C. Wri.eht. 

In the first year of tenure of the farmer Vh’ccroy, 
vSir John Russel spent a pleasaiil winter in India ami 
gave ns the message of hope. And here it is : 

“The C'oHiicir.s illvc^tig;llifms should be directed lo 
iiicrensinji' llic <iulpiit ])er ucre of food crops with a view 
liolli of ciisuriiu': full supplie.s ami of liberaliiix land for the 
.I'rowtli of the .siipplciueiilary crop.s ami of fixlder crops for 
the prodncluai of milk.” 


produce and slioiilil not be exleiideil to the manufactiirts 
wliicli Iiulia now ]irocluces on a small scale or in a ermle 
form, ami which with some improvement mij^lit be. 
expected to find enlarged sales, or could take the ])l:iee 
of similar articles now imported from forei<ni countries. 

(2) The Gcivernment mij^ht fnrtlior often afforrl valuable 
and lejjitimate assistance to private persons desirinir t<i 
enibark in a new local industry, or to develop <ir improve 
one already existing, by obtaining needful in formation 
from other countries or skilled workmen or su]>erv1sion 
and at the outset supplying such aid at the public. coSPt. 


“Tins increased productiveness is the main problem to 
which all others should be subordinated.” 

“More .systematic schemes of maiiurial trials arc neces- 
.siiry in order to test the relative values of nitrogt;ii in 
artiilcial ferLili/er.s, farm yard manures ami composts.” 

“(Treeii mniiuring should be more systematically 
studied.* * 

Re|Mirt oil the manurial trials fostered by the Council 
should be ilrawn up by the. slatistieian, with recommenda- 
lions for a more systi'inatic treatment.” 

But compare this haltuis: reference to the efficacy 
of nitrogen fertilizers in India with his utterance in 
his book Conditions and Plant Growth* (ig.^a) 
considered a Bible among the soil scientists. 

“I'armers were slow to bidieve that ‘chemical manures’ 
coiiltl ( ver do more lliaii .stiiiiiilate the cro]), and declare<l 
they mu.st ullimately exliaiisL the groiiml. The KotliamstCil 
plots falsifi(‘d this prediclicm ; maiitirol year after, year with 
ihc .same substances ami sown alwa>s with the same, erops, 
they even now after iiiiu'ly years of chemieal manuring coii- 
liiiU{‘ to pioduce .gootl crops.” 

Ill his late.st siieecli before the I'ood Cniiip pub- 
lished in “t'hemislry and Industry*’ June Si (‘>1.^. 
we read : 

“It .sccm.s strange that in thi.s 2t)t!i ceuluiy there slunild 
still be people wlio think that ammonia tierived from organic 
matter differs in some subtle way from aimnonia detivcil 
from gas li(|iu>r or produced synlhelically. I know of m» 
evidence that or,ganie manures prriduce hcaliliier or more 
nutritixe crops than inorganic ferlili/ers.” 

And his prayer during “Britain's War time 
Food Production Drive’* (iQdo). 

Thanks lo onr liiglily efiicient clu'iiiical industry wt* 
have almost unlimited .supplies of .siiljibale of ammonia, 
and to that exUait wc are much better off Lliaii in Ibe last 
war when nilrogenous ferlili/.ers were very scarce.” 

And his la.st will and testament to India : 

“Tlu- imjiroveimml of Inilinn agriculture has bein 
altenn>ted by many (iove/inm*iils over a Imi.g period of 
years and by a variety of melliods. In the lirsl instance 
\Ve.slein melliods were introduced on the assumption , that 
as lluy had succeeded in tlu^ countries of their origin they 
would also succeed in India. Notable examples were tin* 
bringing in of twelve .\niericnn eotloii planters by the Mast 
India Company in 1W!> to show liow cotton .should be grown, 
and the impoitatioii of steam ploughs ami a battery of im- 
plements by the Mariras riovenimeiit in 1804 to .show how 
the soil should be cultivated. In general t1ie.se melluHls 
failcMl. Next followed a i>eriod of searching for some 
general iiolicy nr system of organisation; little was actually 
aceoiiiplis1ie<1, but there was much di.scu.ssion which no 
doubt paved the way for future action. Finally it wa.s 
recogiii.sed that Iinliaii agriculture constituted a problem 
of its own ; it could not be modelled on any other system 
but mu.st be «levcIoped lo aceord with the natural conditions 
of the country and the requireineiils of the people. Tlu* 
best hope for improvement lay in llie scientifie study of 
lhe.se conditions and in experiments to discover agri('iiUura1 
practices that w’oiild best suit them.” 

The truths of science apparently differ at differ- 
ent get^graphical centres, a thing least expected from 
*a scientist of the order of Sir John Russel, F.R.S. 
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Rut perhaps vvc had no right to expect any 
return courtesies from our Royal guests. We have 
had a highly eHicieut Imperial Service of Agricultural 
experts brought from the Rritish Isles with a pay 
not much below that of the reputed hea\eii-born 
service ; yet so far no scieiitilic a|)proach to the 
urgent problem of increasing the food i>rtuhicliou 
had ever come from that (luarter.*’* While even in the 
twentieth century India is visited with famine from 
year to year in some part or other, out in the West, 
scientists developed methods of nitrogen fixation 
from the turn of the century. This was heralded 
by tlie prophecy of an eminent scientist, vSir William 
Crookes in iSgy. Riiropc and America built fac- 
tories to increase the output of fixed nitrogen ctmi- 
poiinds which have come to be recognised as tliL* 
indispensable factor in the maintenance of soil fer- 
tility by agricultural scientists : l)e vSaiissnre, Hoii- 
siiigaiilt, Lawes and Gilbert as early as iS-to. Then 
came the remarkable achieveiiienl of Haber, uliicli 
is meiiiioncd in every elementary book on eliemistry, 
as having s»dved (nice f<»r all the soil fertility 
<|iieslion. 

A recent American Chemical vSociety monograph 
on “fixed nitrogen** published in 19;, :> has the follow- 
ing I massage : 

“ \t thf^hegiiiiiing of llio oeiitiiiy llu-rc c.xistttl 

ri “Nilrn^eu The .'igrieullur:n ninl iiuluKtrial 

(Ifiiiands for nitrogen roin])oun«ls were increasing r:i]>i(.lly, 
ainl llic* natural sources <jf siippl) were liniiteil. Ttnlay, the 
"Niinigeii ptohleiii**, if there lie on<‘, is to find a market 
liir the out pill of fixed nitrogen poleiili.dly availalile.** 

At about that lime well over 2 million tons of 
fixed nitrogen were available to the agrienllurist as 
a fertiliser. 

In the face of these facts one fails to understand 
why there had been no advocacy for tlic use of these 
chemical fertilisers from any of the agricultural 
experts in our eountry. 

There was always the oft-repeated statement that 
it is not available for India and importation is too 
imecoiioiiiical. Wlieii (iiiestioned as to why it could 
not be manufactured in India the agricultural expert 
would either iiuote the ecoTiomist who ct)uld explain 
rationally the absurdity of that procedure or would 
quote the ctjually reactionary .statistical pandit who 
found 110 statistically significant superiority of syii- 
tlielie fertilizers over natural manures. Then why 
waste good public money on such questionable 
schemes : or lastly by the more empty statement 
''Technically it is impossible in India**. One also 
fails to see why the so-called experts were not dis- 
pensed with for indolence and inelTiciency. The 
l>alient tax-payer and the victims of famines exiiect 


* According to well-iiifotnicd sceptics, the recent ‘grow 

food campaign* has resolved itself into a ‘grow more 
^jfiicer campaign’. 


their servants to do what experts and public servants 
ill oilier countries have done. If only the normal 
efficiency would have been demanded of the so-calletl 
exjierts, the problem would have been solved long 
tigo. We would have then less of the disgusting 
attitude “JL cannot be done in India*’ so a.ssidnously 
taken up by llie Drown linreaucrals now replacing the 
Whites. 

It is indeed a i>ity that such an attitude is con- 
sidered one of realism more desirable than to pretend 
that it can be done, out of national self-respect. 

This has endowed the entire seiciilific and techni- 
cal activity of the country with a lethargy akin to 
tile outcome of opium addiction. However the Indian 
vScientific World is not without its silver lining. 
People are not wanting, who believe with Sylvanus 
Thoiiqisoii • 

‘*\Vhat one fool ran, anoilirr fool loo can**. 

The bulk and excellence of research in the field of 
science by Indians to which tribute has recently been 
paid l)y no less tin observer than the Secretary of the 
Royal Society is a sufficient guarantee that Indian 
vScieiitists can undertaki* wluil Haber did 30 years 
ago. They have not hesitated to proclaim the radical 
.solution to the problem. 

Hr A. C. Ukil of the All-India Institute of 
Hygiene and Public Health, Calcutta, suggested the 
advisability of synthetic fertiliser af early as 1939 in 
a meeting of the Food and Nutrition Exposition at 
Calcnlla and at a symposium before the Indian 
Science Congress, 1941. 

Ill 1943, il^» was emphasized by members 
of the P'ooil Production Advisory Committee, (govern- 
ment of Hengal in its various meetings. 

Dr H. K. Sell, Director, Lac Research Insliluto, 
in a lecture delivered before the Indian Chemical 
Society in July, 1943, asserted: 

“If tlu! SlalL* iiiovi'S expeditiously, the bringing into 
existeiioe of fixed N.. indiistrv is n qiiestiun of lialf a vear 
only.” 

Under tlic darkening clouds of famine over 
Hengal, the b'ood Grains Policy Committee in Novem- 
ber, 1943, advocated the immediate importation of 
plants for the manufacture of syiitlielic fertiliser as 
the incredible bolsheviks have done in Russia and 
stamped out recurrent famines in Russia in a ludi- 
crously short lime. The rciiort even asserted that 
this Avas the only solution for increasing the yield of 
rice ipiickly. 

In pursuance of the Resolution of the Xiitrilion 
Committee, Sanitary Hoard, Government of Hengal, 
a technical sub-committee proposed in a Food 
Technology Report the fabrication locally of a ifilot 
plant for llie manufacture of synthetic ammonia. The 
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technical sub-coin iiiittce of the Food Production Advi- 
sory Coinniittcc, appointed in Sei)tetnber, t<) 43» studied 
the whole tiuestioii and in their final report in March, 
1044 discussed the present knowledjj^e providinp: con- 
siderable details. They even proposed to do funda- 
mental research on nilroKen fixation with the help 
of the pilot plant to be fatiricaled. We understand 
that blue prints are being drawn for a plant of 
700,000 tons of aniTnoniuin sulphate per annum 
according to the latest American modifications of the 
original Haber-Ho.sch [irocess.* The radical .solution 
of the famine problem, and of permanent malnutri- 
tion problem lies in pushing energetically with these 
schemes. 

Meanwhile we hear a technical commission from 
Knglaiid is arriving to advi.se ns on the develoimient 
• of the Fertiliser Indu.strv. It has become a fashion 
in these days to import experts on all and sundry 
affairs for short commissions in contrast to the per- 
manent commissions of the i*ast. The most recent 
consisted of experts on Dehydration. We fail to see 
why the Indian tax-iiayer’s money is being wasted 
on such .so-called exiierts from countries which have 
made the least contril)Utif)n to the subjects cmicerned. 
Dehydration industry in America is something be- 
yond the capacity or dreams of Hritain. How 
could these dehydration experts have been of 
any help to the development of the Indian 
Iiidn.stry 011 iiftdern lines? Xitrogeti fixation 
industry is another which has developed to a high 
pitch largely due to the Federal Department of 
Agriculture in the fixed Xitn^gen Research Labo- 
ratory, in Wa.shington, D. C. There are a large num- 
ber of plants built in America with the designs of this 
laboratory and lliere is a coii.sidOrable body of 
rc.search workers on the siilijcct with iiileriiational 
reputation. Fiiglaiid, on the other hand, posscs.ses 
just one synthetic ammonia plant and that built over 
26 years ago. No mention is made in the literature 
of any devsign or imi)rovcinent of Uritish origin for the 
nece.ssity for getting nitrogen out of the air docs not 
arise in Knglaml, and tlic iwoblem never engaged the 
seriou.s attention of llrilish scicnlisls.i' 

We cannot but wonder at the teclinical com- 
petence and wisdom of the i»eople in power resjioii- 


* It is reported that the famous Du Pont de Nemours, 
Chemical Manufacturers of T. S. A., spent nearly a luillion 
dollars in research aloiu*. for wtffking out the nielhotls fi>r 
iiinmiraclure of synthetic ammonia according to the Ilalier- 
lioseli process. A.s a result of the.se works, the iuciIknIs of 
inaiiu/acliire arc .staiidardi.sed as in the ca.se of sugar 
manufacture, and standard plants with experts can he had 
from the T. S. 'J'liey can be set up wherever cheap 
electricity is available. 

t Priglaiyl gels most of her nitrogen from ammonium 
sulphate which is >bl;niieil as a bye-product in ctjal-distil- 
lation. Her need.^i for syiilbetic nitrogen is not therefore 
so great as in other countries, and she has not paid as 
much attention lo the installation of synthetic ammonia. 


siblc for selecting this commission. There appears lo 
be sometliing rather sinister in this move. The inetn- 
bors of this coTiimission are said to be employees of a 
firm of chemical manufacturers. If that is so it is 
a case of proseculioii, defence, jury, judge and execu- 
tioner all ill one body. The game is obviously set 
for conveiiieiilly carving out a liberal helping of onr 
v^terling llaUiiiccs in London. 

What can a Nitrogen Fixation Commission do 
in India? Arc they to try and find out if nitrogen 
would care lo coniliine with hydrogen under the 
climatic, economic and political conditions prevailing 
in India? Have we not learnt eiioiigh of the bitter 
lessons from such experts in the past.^ The best 
thing for us Ti'ould have been to send a commission 
comlwsed of purely Indian scientists and Indian finan- 
ciers to tour America, Russia and England (if neces- 
sary) and sec for ourselves ivhat is suitable for us 
and our pocket. A conijietcnt body of .scientists caji- 
able of dealing with such a problem, and a body of 
fiuaiiciers capable of financing such plants exist in 
the country, provided import facilities of th.e neces- 
sary machinery are given. 

The deci.sion to call foreign experts is therefore 
not only superfinous, but opposed lo the couiilry’s 
interest. As a marked contrast to all these 
manotivres high praise is due lo the wise statemeii- 
.ship of the Indian State of Mysore, which imported 
an American plant, got it installed willi the aid of 
American experts and is according to our iii- 
formatiem successfully rnnning it with native 
Mysorians. The best that could happen to such 
a Conmiission coming to India is that they are likely 
to see for the first lime in Mysore a ])laiil whicli 
will give them some education, and the Indian tax 
payer is lo pay for tl’j foreign experts* education 
and be told that they liave been educated. vSucli 
episodes enacted by the Central Governiiient can only 
help to widen the breach between the Su/erain ami 
the peripheral authorities. It is said that the various 
Provincial ('.overiiments and the States are likely to 
particijuite in the discussions. We hojie the I’roviii- 
cial Governments will not walk into the trap so 
naively laitl. Let the provinces go to My.sore, learn 
what miracles can be effected by development 
electric power resources all due to the enterprise ol 
Indian Dewaiis and see for themselves the caj)al)ilities 
of indigenous skill. Let us get our youngsters trained 
in a factory built in India* to suit Indian conditions. 

* Thi.s kiinl of work, viz., training young chetinVis 
ill the use of a pilot plant for the maiiufarlure of syiiilivii*’ 
amnioiiia ran best be done in a National Clieniiriil 
l/al)oratory. But this in.stitutioii, advertized now for thrvo 
years by the authorities of the Board of Industrial aiui 
Seientific Research, has not yet passed the reiwrt stage, 
and we understand that the Tk)ard has after three years <»l 
coniiiiittee meeting di.srovcre<l that it rec|uired a whole- 
time chemi.st to plan the laljoratories ! 
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NEED AND POSSIBILITIES FOR THE PRODUCTION OF 
SYNTHETIC FERTILIZERS 

“ARC'.ON’* 


TN 1S9S vSir William Crookes, the famous British 
^ scientist who nise to be President of the Royal 
Society, in the course of his presidential address to 
the British Association for the Advancement of 
Science drew attention to the fact that the world 
was facin.ij nlliniate starvation, because under the 
existinj^ conditions of heedless culture, the cereal 
.t>rowinj» lands were ra[>idly becoming* exhausted of 
nitro!j:en. Crookes said : 

and all rivili/ed iintions stand in deadly peril 
i)f not liaviiij' etionj^li to eat. It is the chemist who must 
iijine III the rescue of the thrciileiicd community. It is 
throii>;h the lahoratoiv that the starvation may ultimately 
he innicil into ph^itv.” 

What were the facts which led the famous 
scientist to make this ])cssimistic prophecy? 

*rhe facts are that plants retiuire iiitroj'en for 
ImildiiiR up their bodies, and this they extract mostly 
from the soil. A part of this loss is compensated for 
by lann manures, decayed remains of plants, and 
from air, but there is on the whole an adverse balance 
as was found by Boussinj;ault as early as 1841 
(Table i). On the whole, rej^ions of tlic world which 
have supiJortcd civilized comnmnities for a long time 
and therefore the oldest centres of civilization-— 
show a great deficiency of nitrogen content in their 
s<iil, which in these re.gi«)ns therefore yields less 
and le.s.s, and nlliniately tlie regions tend to become 
sterile, and cannot .sui»])oiT ihe i)opiilatioTi. Tliis 
probably happened in Mesopotamia which, at the 
lime of Herodotus, yielded nou limes the amount of 
seed put in the soil, but in course of the last few 
centuries had become mostly a barren desert. This 
has also liapi)ened to soil in the river valleys of India, 
one of the oldest inhabited regions of the world, and 
was happening to Hnroiiean soil according to 
Crookes. 

How could the situation be met ? The answer 
was plain and simple : by putting back the nitrogen 
in the form of artificial fertilizers and farm manures. 
Tlic manures are limited in quantity, hence artificial 
fertilizers must be used. We .shall now do well to 
refer to the imssible sources from which the supply 
of artificial fertilizers may be available. 

Potassium Nitrate or Saltiieter is found in large 
quantities in India, but it was exported till the 
middle of the last century mo.stly for the manufacture 
of gun-powder. 

Sodium Nitrate or Chili Saltpeter is found in in- 
exhaustible quantities in Chile, Semth America. The 


T.MILI*: 1 

NiTucK;r.N SrwisTics or VARiors R<w\tions 
I loess I \c,.\r i.T (1841) 


Rotations. 



Sitrof^i^i ill 
I nianinr 


\itfOf(Vn 
in crop 


Kxccss in crop 
Over that sup plied 
in manure per 
rotation (kilo- 
j^iams per 
hectare) 


(1) Pf>tatoes 

(2) Wheat 

(3) Clover 

(4) Wheal turnips 

(5) Oats 


2(Xl-2 


ID Beets 

(2) Wheal 

(3) Clover 

(4) Wheat turnips ! 

(5) Oats i 


(1) l*otalnes 

(2) Wheat 

(3) Clover 

(4) Wheat turnips 

(5) Peas 
a>) Rye 


20 . 1-2 


243-8 


Jenis.'ileiii 
.\rlir1iokcs 
2 years. 


188-2 


250-7 


2o4-2 I 


2530 


271 -2 


47-5 


51-2 


lOO-S 


Sfi-O 


(I) Duiiged 

fallou 

12) Wheat 

13) Wheat 


Lueeriic 5 years 


82-8 


2240 


87-4 


1087-0 


4-0 


8.S4-0 


e.xporl of Chili vSallpeter started from 1830, and 
gradually killed tlic cxiiori trade of Indian vSaltpetcr. 
It has been used since 1850 as a maiitire in Europe 
to replenish Uie nitrogen in agricultural soil. In 
U)i2, as much as half a million tons were exported. 
'Hie export of Chili Saltpeter formed the chief source 
of income of the Republic of Chile in South America. 

Ammonium Sulphate which is obtained as a 
liye-prodiict in tlie distillation of coal is also a valuable 
source of nitrrigcn, and in 1912 277,o(x> tons were 
produced. 

But these quantities were limited, and the 
sources were showing signs of exhaustion. The way 
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out was pointed out by Crookes, fn the same 
address, he said : 

"The fixation of atmospheric X, is one of the ^rcate.-^t 
discoveries ;iwaitin>f the ingenuity of the chemists. It is 
certainly deeply important in its practical hearings in the 
future welfare and happiness of the civilized races of 
mankind." 

Xitrogeii forms So per cent of the atnmspheric 
air, and the source is apparently iiiexhau.stiblc. 

Fi.x.vtjon (>!■ iViTkcKiKN : Cauium Nitratk, Cai.cium 

CyANAMIDK, vSYNTHIiTlC AmAFDMA 

Priestly observed over 1 50 years ago that nitrogen 
and oxygen of air could be made to combine to form 
oxides of nitrogen which dissolved in an alkali could 
give ns nitrates and nitrites. Its commercial develop- 
ment was made possible only after eonsidoralile pro- 
gress was made in the generation of clieaj) electrical 
energy. In igoa, a plant employing this finding was 
set up near Niagara Falls where cheap power from 
hydroelectric sources was available. In igo4, two 
Norwegian scieiiti.sts, birkelaiid and Fyde, built 
their famous arc method of nitrogen fixation by 
which nitric acid could be obtained from air, which 
by neutralization with lime, provided a valnalde 
nitrogenous fertlizer, nitrate of lime, which is very 
good for acid soils. About the same time the dis- 
covery was made that calcium carbide could be made 
to combine with nitrogen to give calcium cyanamide. 
This substance could be api»lied directly to the .soil 
as a nitrogenous fertiliser or the cyanamide could be 
hydrolyzed with water to give ammonia. JUit ihe.se 
quantities were limited. 

Diiring the first W’orld War the Allies hoped that 
t'fcrmany would have to surrender, as blockade was 
elTective in completely preventing the importation of 
Chilian nitrate fertilizer and thus cause a collapse of 
the food front.'** The Cl cr mans however stood out for 
over four years and this was ascribed to the German's 
successful ineUiod of fixing nitrogen in a novel and 
effective way. I'Titz Haber, the German chemist 
succeeded .sometime before the war in coinliiiiing 
directly nitrogen and hydrogen at high pressures and 
temperature into NH, with the help of certain suit- 
able catalysis. This started as an obscure laboratory 
experiment and guidance was obtained from mathe- 
matical formulae evolved in iihysical chemistry. Hut 
the German industrialists and the State were quick 
to realize its poteiilialities. The famous Hadische 
Anilin and Soda Fabrik i)ut all their resources at the 
disposal of Haber, and after years of effort, just 
before the outbreak of the first World War of 1914, 
an industrial plant for producing 7000 tons was put 

* The Chilian iiilralc is used not only as a ferlilisur, but 

also as ti source of explosives useil for the prosecution ot 
the war.— Kd. Set. & C ul. 


in operation (The Ilaber-Boscli process). Hut by 
the time the armistice came, Germany was fixing 
137,000 tons of NII3 by this method. Whatever 
might have been the technical difficulties and the 
financial implications an achievement of this nature 
in such a short time opened the eyes of the Kuropeaii 
nations. Almost all Kuropcan and Nortli American 
countries seized on the idea and built up large manu- 
facturing plants and in less than 20 years, a total 
of 2 million tons of vSynthetic ammonia was being 
inamifactured per annum. Well over 92 jier cent of 
this fixed nitrogen went into the soil as a fertilizer. 
That in brief is the romantic tale of the way in which 
the Kuropeaii countries succeeded in mainlaiiiing 
soil fertility. 

Synthktic Ammonia soi.vks Gkkmanv’s F(H>n 
Prohmcms durixo currknt Wak 

In a recent issue (^I.arch 3, 1944), Science has 
publisluHl a note on the present food supplies in 
Germany. Dr J. T. Richter, of the Office of Foreign 
Agricultural Relations, U. S. Deimrtinent of Agricul- 
ture, stated in the official publication, I'oreigii Agri 
culture, that, in his oj)iiiioii, Cennatiy's prodnclioii 
and coiisnnii)tion of food thus far in this war haw 
been at a level far above those for 11)14-1918. 

"In contrast to the situation in 1914, Gcnnaiiy’s I'imuI 
mmoiny in ItWD was well prepared for war. Following a 
period of sustained expansion, agricultural prodnclioii Ini-- 
reached a high level. Over 85 per cent, of the nalion’s foo-l 
supply was produced froiii iloiiicslic resources, ihc only suh- 
staiiti.'d ddicil being in fats and oils. From 19.17 inilil the 
outbreak of war, slocks of grain, fats and sugar ha«l been 
accumulated in considerable quantities. In the years jina 
pritir lo World War 1, German livestock wa.s depeiidciil 
iiixm the iinpt>rtali«)ii of feed to the extent of ahuul 38 i^r 
cent. «if the total nuijTiii of livestock proilncls. In 1939 the 
dependence on imported beds was not more than 10 pci 
cent., with the result that livestock proiliiction has lieen 
eoiisiderahly less afft-elcd in the past four years ihati during 
the 1914-1918 period. 

‘*.\ii im])ortaiil factor in the high level of farm prodne- 
riT)ii was the relatively large supplv', up lo UM3, of coniuict- 
cial fertilizers oilier than phosphates. Kspecially important 
was the availability of nitrogen in iinaiilitics six or seven 
limes as great as in the previous war. "This excess even 
after allowaiiee has hccii made for the drastic reduction in 
phosphates, may still he estimated as aei'ouiitiiig for an 
annual crop ^jrmhiclion of over (5,0(K),000 Ions in terms of 
grain." 

In the opinion of Dr Richter, Germany's own 
l>roduction has reniaiiicd the liackbone of it.s war- 
time food supply, despite the importation of sub.staii 
tial (luantities reiiuisitioned in other part.s of con- 
tinental Kiirope under German control. 

Progress made in the various countries of the 
world in the production of synthetic amnioina, 
nitrogen compounds and in the use of fertilizers for 
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agriculture has been adequately reflected in the fol- 
lowing tables : — 

TAUI/E 2 

vSynthktic Ammont\ Plants ok thb World, 1930 
(Annual Capacity in Net Tons of Nitrof^cu) 



Direct svnlhetie 

Cyaiiamide 


Country 

— 




'Pcilal 


Number 

Amount 

Niimlier 

Aimmiit 


CftTinany 

9 

700,100 

5 

102,200 

■ 

808.300 

I 'ranee 

20 

172,300 

5 

32,100;204.4(K) 

(1. S. A. 

R 

143,800 

1 

35,7(K) 

179.500 

Japan 

Pi 

98,700 

4 

5t>,800 

155.5tM) 

England 

1 

15t,WH) 

nil 

nil 

151,800 

Belgium 

n 

118,700 

nil 

nil 

118,700 

Norwav 

2 

70.900 

1 

I3.4(M) 

90.300 

VcUierlands 

3 

80.400 

nil 

nil 

80.400 

China (1035) 

1 

75,000 

nil 

nil 

75.000 

f’oland 

4 

47,3(X) 

1 

2ti,800 

74.100 

C'anada .. . 

1 

2,200 

1 

71,400 

73,000 

Italv I 

9 

43,300 

5 

l9.(i(K) 

02.900 

Russia .. ! 

! 2 - 

i 35,700 

nil 

nil 

A5.7tKt 

Vm^t'slavia 

; 1 

14,3(K) 

2 

12,500 

20.800 

C/eelnislovakia .. 

2 

11 ,<K)0 

1 

5,400 

17,3(H) 

i^wit/erlaml 

' 1 

(i,7(Ht 

1 3 

4, .=•(¥) 

1 1 ,2tM> 

Spain 

3 

7.700 

nil 

nil 

7,700 

vS\ve<li‘n 

: 1 

i 1,800 

2 

5,400 

7.200 

Koiimania 

Jiidian States 

I nil 

nil 

1 

5.0(K) 

5,000 

^lysore (ItMl) .. 
British India 

! 1 

1 ,500 

nil 

nil 

1,5(M) 

(I'Ml) 

' nil 

nil 

nil 

nil 

nil 


TABLE 3 

CfKowTH OK World Production ok Nitko(',kn CoMi’orNos 


(In Net Tons of Nitrogen Per Year) 



By Syiillietie 

By Bve-pro- 


Year 

Fixation 

Methods 

diiet and 
others 

Total 

Early 1913 .. 

nil 

07,2(H) 

07,200 

Septeinher 1913 

7,000 

67,2fM) 

74,20t) 

1914 to 1918 .. 

137.0(M) 

72,(KX) 

209.000 

1924 

378,700 

059,400 

1.038,100 

1925 

428.300 

705,400 

1,1.3.3,700 

1926 

548,200 

071,700 

1,309,900 

1927 

«02,1W) 

0.19,500 

1,24 !,«)() 

1928 

792,000 

900,000 

1,093,200 

1929 

; 1,041, KM) 

1,034,200 1 

2.075,300 

1933 

1.171,4IK) 

479,100 

1,050,800 

1934 

1 ,220,500 

537,500 

1,704,000 

1935 

, 1 ,.350.0(M> 

1 087.100 

2,037,700 

I9.«> 

, 1,597,000 

> 758.(MK) 

2.355,000 

1937 

1 1,801.400 : 

K.53,5fM). 

2,054,‘MK) 

1938 

1943 

1 i,ih;9,7oo i 

805,300 

2,835,000 

British India.. 
Indian States 

1 nil 

1 ■ 

5.2(M) 

5,200 

Mysore 

1 1 ,.5<H> ! 

nil 

1 ,500 

N..le : Well . 

»ver 927 ,', t»f the 

prddnetiiin is eoiisiinieil a^ 


fiTtili/iT. 


Total WorJ<l Popul.itioii ... 2,222 inillion.s 
Mysore ,, ... 7 ,, 

Ilritihli Intlian i)opiiIati()M is nearly 1 /Sih nf worM popu- 
lation Iml priuliire oiil\ I/5l)01h of N\'c»rM tiitrcjgeii. 


TABLlv 4 

I'I'.KTILI/KRS rshll IN Ai'.RICrLTl’RK 0>NSrMl*TION IN InI)[\ .\N0 S«iMK l{.\STi;k\ COUNiRlIvS.* 

In 1000 iiieirir ton.sf 


1. Superphosphates for Lime: 

(a) Net roiisuiiiplioll 
India 
Japan 

(/)) ITitiiu* pOHlnetidii 
Japan 

2. Potash fertilisers: 

(a) Net roiisuniptiiMi 
India 
Japan 

3. Nitrate of Soda; 

(ci) Net eon. Slim pi ion 
Tiiilia 
Japan 

4. oulphate of Ammonia: 

(a) Net eoii.sn nipt ion 
India 
China 
Japan 
Korea 
Neth. Ind. 

I'orniosa 

Philippines 

(h) Home proihielum 
India 
Japan 

Manehnkiio 

Korea 


^ From “Land and its Prohlcms’ 


■ernge for 
1928-32 

193.1 

19.14 

19.15 

19.10 

19.17 

19.38 

3-4 

2-5 

5-1 

5-0 

0-4 

7-9 

8-1 

K9(i0 

1009-7 

KM)4-0 

11510 

1242-4 



940-9 

1110 0 

1120-1 

1331-0 

14.372 



0-7 

.3-0 

7-0 

5-7 

i 3-8 

39 

4-4 

33-4 


.50-2 

84-1 

' 81-5 

... 


5-7 

20 

.3-8 

2-2 

3-0 

3 1 

2-7 

25-9 ! 

‘ 19-7 

; 23-4 

.10-9 

1 47-0 



34 0 

i 

1 

i 11-8 

48-2 

.5-4-9 

74-1 

05-.5 

87-2 

124-4 

! 101-3 

49-9 

1 OK-Pi 

124-0 

103-4 

106-4 

540-0 

j 5.51-3 

0.50-4 

1 812-0 

10.50-4 



1050 

' 18.3-0 

i 21.1-0 

! 2739 

.3000 

327-9 


112-0 

j 29-4 

4.1-0 

41-1 

09-2 

102-5 

70-5 

01- 

1 72-1 

111-8 

117 0 

147-0 

1 IS-5 


28-8 

.18-9 

58-2 

; .144 

470 

.35-9 

29-7 

14-4 

! 9-8 

13-2 

: 17-7 

18-0 

18-0 

1 14-8 

317-2 

I 471-4 

4m-3 

011-8 

880-3 ' 

1 


18-0 

i 30-0 

' .100 

200-0 

250 0 



111-9 

1 247-0 

310-4 

.3.50-4 

.3tH>-8 

422.3 


by Siulhir Sen. 

t (One. 

inclric ton- 

-2000 Ihs.) 
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In 1000 metric tons 



AveraRe for 
lt>28-32 

1033 



5. Calcium Cyanamide: 



(a) Net. C()iisuiiii>lioii 



Imlia 

Nil 

Nil 

Japan 

!>1S 

140-8 

(h) llonie priMliirliDii 



Japan 

!)P7 

151-4 

6. Bones and Bone Manures: 


j 

NtM i*xp(»rls from India (by Seal 

-r»()5 

42-5 1 

- ditto- - 

.14-4 

- 18-1 ! 

Net imports into Ja])aii 

+270 

+22-.4 j 

- ditUi — .. .. ! 

+.LV1 

4 24-1 

Son, Fertility and 

N'itk<v;k\ 



What has been the cfTuct of all those urcat scioii- 
tiflc work? luirojic and the countries which have 
hariie.sse<l science to their needs have maintained the 
fertility of their soil, whereas countries which have 
neglected science are jietlin.e; barren as the followinj; 
table shows : — 

TAHbr: 5 


Yiivi.n oP Rick in i,i;s. pkk acrk in dikkkkknt corNTkiiiS 


(Kepori of the Paddy and Klee Enquiry Coniinitiee, 
(iovernnu-nl of licnfuil, I9d5) 

IV/. /, 

IlnlRaria 

FRvpt 

1,004 

Korea 

1,750 

... .1,170 

Siam 

1.308 

Formosa 

... 2,220 

Spain 

5.542 

Indo-Chiiia 

... 1,032 

r. S, A. ... 

2.138 

Japan 

... 2,088 

Iiidi.'i 

828 

lava 

Italv 

... 1..122 
... 1,748 

UeiiRal 

88-1 


The above table was i»rei»ared from fiirures of 
yield available in 1Q35, after which an authoritative 
statement made in l>eceinber, 1943 would ai»pear to 
Rive the figure of rice pmductiou as 738 lbs. ]ier 
acre which is an averaRc of the production record of 
the previous 5 years. 

The table speaks its own talc. Countries like 
Spain, Italy and Jai»an, and ERvpt which use ferti- 
lizers extract seven to four times as much crop from 
their soil as we do in India. P^vcii countries like 
Korea and Kormosa which suder from ^‘Japanese 
hruialiiy** Ret two to two and halftimes as much as 
India which enjoys the advantaRC of “ 
lirHish Imperialism ” ! Further comment is un- 
necessary ! What has lieen said of rice can be said of 
almost every other crop and the secpiel is too iraRic 
to describe. 

Recurrknt Famines due to i/)Ss or Son, Fertimiy 

“In an cmiuiry into certain public health aspects 
of villaRc life in India by the Director General, India 
Medical Service published in 1933, it was estimated 
that in 40 per cent of the villaRes in all India the 


10.14 

10.15 

! 

1 10.16 

i 

1037 

1938 

Nil 

Nil 

! 

Nil 



104-K 

15.5-6 1 

160-5 



138-5 i 

19*1-7 

1 

219-4 



52-6 

i 67-2 

88-8 

-110-1 

-56-2* 

-26-.S 

20-0 

30-8 

.18-0 

21-9’ 

+24-6 

-I 25-8 

+26-7 

+22-1 

+ 12-4* 

-1 28-6 

+20-7 

4-.15-5 

+20-5 

+21 -O' 


population was excessive in relation to fooil supply. 
AccordiiiR to the .same enquiry periods of scarcity of 
ft)od occur in one villaRc out of every five durinR ii 
ten year period in which there was no exceptional 
failure of rain. When the rain fails scarcity Rives 
place to famine ; durinR the last quarter (d the nine- 
teenth ccnlury there were 18 severe fainincs which 
cau.sed 2b million deaths’* thus reads a passaRc in 
a book “Food and PlanniiiR** by J. R. Marrack piili- 
li.shed in London in 19^3. The Iweiitielh cenl!ir> 
has not .shown any imiirovement over the previous 
century. Famines of moderate dimensions have 
occurred from year to year, and the followiiiR lahK* 
Rives a rouRh idea of the expenditure incurred hv 
the Government of India duriuR the period of oul> 
12 years in the last two decades. 


TAmj( fj 


Y^cars. 

Kupei\^. 

Yrar.<. 

Ku (ut'. 

1024-25 

... 23.28, .535 

1031-32 

... 16..t!\.l'U 

102.5-2t» 

... 14,10,420 

l!>32-.13 

S,02.!M«i 

1026-27 

. . 15,40,723 

1033-.14 

3,4K.7!U 

1027-28 

... 19,ri,S?H> 

I034-.1.5 

... lO.JO.SH. 

1028-20 

... 2.1,18,740 

10;i6..17 

15,1(l,l3li 

1020-.K) 

... 48,03,056 

I0.45-.K) 

... 10.5fi..i.U 

1030-31 

.. 20,02.0I»0 




It is not necessary to refer to the unprecedeiilvd 
famine that swept over unfortunate HeiiRal. v^^c.'/eral 
millions were victims of starvation and its .’.ftcr 
effects. The loss sustained by the State in terms of 
money would probably be not less than mo cron:' 
of Rupees. 

All this loss of human material and wealth was 
entirely preventable if only a fraction of all this o>st 
had been utilised in incrcasiiiR the productivity of 
the land. This wouhl appear at first siRht to 
exceediiiRly pos.sible. It is evident from table S 
that if only we could produce as much as some of 
the less proRressive countries of the world such 
JhilRaria and Korea, we should have been able to 
have twice the amount of food that is now 
jiroduccd. 
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Hlmhirst wrote in the Modern Review of 
October, 1922 as follows : “To continue indefinitely 
taking any of these life forming elements from the 
soil without ade(iuatcly replacing them is a robbery 
not merely of the soil itself but also the future gene- 
ration which will have to live on it. Thus the 
damage done to the district of Birblnim and other 
large parts of India to-day is irreparable.” 

We arc caught in a vicious circle of increasing 
population and decreasing soil fertility. 

Prospkcts ov Fkktiijzkr Indu.stky 

To get out of the circle we reciuirc large scale 
fertilizer industries, not only for the manufacture of 
nitrogen fertilizers, but also for the iiianiifactiire of 
phosphate, ])otassium and other fcrtili/ers. India 
possesses all the raw materials needed for the purpose. 
SI As retinires will jiower on the part of her rulers, 
and leaders of Industry to bring these industries into 
c\istence. Let us first examine our requirements. 

Dr H. K. Sen estimates that a minimum of only 
100 million acres of land being suitable for manuring 
would require on the basis of 20 lbs. of nitrogen 
per acre, r million tons of nitrogen, leaving a.side 
other acres under cultivation of sugar-cane, tea, 
cotton, etc. which would have their own share. 

An authoritative estimate stated in December, 
194.^ that the requirement is 2*8 million tons of 
nitrogen. 

However wc can calculate on a slightly different 
basis. The amount of food crops acreage of British 
India is 215 million acres. If at the rate of 20 lbs. 
nitrogen is used as manure for each acre, the 
qnantitv required is calculated to be 2' 2 million tons 
of nitrogen. It is desirable to c»nT)loy as ttiucIi as 
un lbs. of nitrogen per acre. W’e thus ha\'e the 
figures of requirement ranging from 1 million tons 
lo 8‘6 million tons of nitrogen per annum. 

Farm Manurk vni^ Composts no substitutk i-or 
SvNT 1 1 KTIC K KRTTIJ/.R R S 

We will now determine the nitrogen a\ailable 
from all sources. An authoritative stalcnicnl made in 
December, 1043 gave the availability of farm yard 
manure as 5*0 million tons with a nitrogen content 
of 0*4 j)cr cent or 0*024 million tons. Dr N. C. 
Acharva estimates that with effort it is ]>ossible to 
obtain TO million tons of compost with the nitrogen 
content of o'a tier cent. Kven this works out to 
only 0*04 million tons. These figures demonstrate 
how little of nitrogen is available from the natural 
sources. It is onlv one twentyfifth of even our lowest 
c-stimatc of requirement. 

The supply of indigenous oil-cakc manure would 
also appear to be extremelv inadequate. The total 
quantity of oil-cake produced in the country amounts 
to about i4j^ lakh tons per annum. Half of this is 


reciuired for feeding the cattle and the remaining half 
is in.sufficient for manuring the intensively-grown 
crops, .such as .sugar-cane, potatoes, vegetables, tea 
and so forth and hardly anything is left for manur- 
ing foodgrains, although efforts have been made to 
utilize part of the available .supplies for manuring the 
foodgrains crops particularly rice. 

It was mentioned at one lime that India held 
world monopoly for Saltpeter. ^I'hc Chilian Nitrate 
industry not only brf)ke the iiionoi)oly but also dis- 
organised the industry .s«) that there is practically no 
production of this commodity now. 

The nitrogen comi)ouiuls available from coal are 
however important and as a matter of fact, England 
whicli is one of the largest cons\imors of coal, get 
most of her nitrogen from Ammonium Sulphate which 
is fibtaincd as a byc-]»roduct in coal-tar distillatioti. 
Let us examine tfie case for India. It is estimated 
that 5,200 tons of fi.\cd nitrogen arc being imxluced 
from 4 million tons of coal used in the metallurgical 
industry. India is producing annually a total of 25 
million tons of coal. If the whole of this would have 
been submitted for retorting wc would get a total of 
.A2,fX)o tons of nitrogen. It is staled also that ibe 
retorting is rather wasteful and by improvement wc 
can get instead 60,000 tons of nitrogen. Still further 
iniprovcinents such a.s by the svsteTii of Mond gasi- 
fication it is theoretically possible to obtain as much 
as j8o,ooo Ions of nitrogen. 

We thus sec that even from the complete utiliza- 
tion of ammonia from the entire ('oal production of 
India, the amount; of nitrogenous compounds avail- 
able is not even r/5 of the lowest estimate of the 
rccinircment of this commodity. 

Judged from .a more desirable estimate of S‘6 
million tons of nitrogen rcrpiircd for food croi)s alone, 
our situation is exccedinglv critical. This becomes 
much more so if wo have to fertilize our other cash 
crops such as sugar-cane, cotton, tea and coffee. 

The question is nsiially asked : Can the Indian 
farmer afford to pay for the synthetic fertilizer? This 
is usually answered in a pessimi.slic manner. The 
proverbially poor Indian cannot afford tliis luxury. 

lIsR OF Syntiiktk' Fkrtk.tzrrs i.s PRoi-rrvRr.K 

However, it can be demonstrated that synthetic 
fertilizers jiay themselves in the form of increased 
yield. 

The normal pre-war cost of ammonium sulphate 
is Rs. 80/- per ton i.r. pi8 lbs. of nitrogen. An 
application of 20 lbs. of nitrogen per acre has been 
stated to give an extra 5 niaunds of cleaned rice. 
Thatjs, for less than Rs. .1/- of fertilizer, wc obtain 
A niaunds of rice. The normal price level for rice is 
Bs. 5/- per matind. In other words, we get a return 
of Rs. T5/- for less than Rs. 4/- manure. The lowest 
level of price for rice was Re. r/8/- per raaund. 
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Even so we ^et Rs. 4/8/- and straw for Rs. 4/- 
manurc. Calculating on the present price of Rs. 15/- 
per maund of rice it should pay enormously. The 
I)resent price of imported ammonium sulphate is well 
over Rs. 200/-, in which case we have to pay as 
much as Rs. 10/- per acre, but then if we calculate 
on the basis of the present price of rice, it will 
brin«: Rs. 45/- worth of excess yield. Even at Rs. 5/- 
it is well over the cost of fertilizers. An authoritative 
statement made in December, rt)4.^ showed that in 
certain cases ammonium sulphate paid itself hand- 
somely even when it cost as much as Rs. 269/- per 
ton and rice was sold at Re. 1/6/- per maund. These 
arc the figures with imported ttiaterial. The co.st of 
production of one ton of ammonium sulphate by 
synthetic ammonia methods is only Rs. 40/- to 
Rs. 45/- or about half of the pre-war costs. There 
will then be no question whether such a manure will 
pay or not. 

vSvNTirKTic Ammonia Punts can bk krkctkd in 

fNDIA 

Among the methods of nitrogen fixation the most 
suitable one for India is the direct synthetic 
ammonia method according to Haber with more re- 
cent modifications developed particularly in America. 
The raw materials needed for this imlustry is avail- 
able in inexhaustible quantities. According to some 
of the older methods, wc need CaS04 or gypsum 
available only in certain parts of India and that 


perhaps in limited quantities. However, modern 
methods employ the limitless quantities of NaCl that 
can be extracted out of sea water along the entire 
coast line of India. In still more recent plants there 
are no raw materials other than w^hat cannot be 
obtained from the atmosphere. There wdll of course 
be a need for a certain amount of electrical energy 
which is not anything very considerable. A plant 
costing 2 % crores of rupees could be built with an 
output capacity for 20,000 tons of fixed nitrogen per 
annum. The i)eriod of fabrication .should pcrh:i]»s 
not exceed 2 years. 

It .should be remembered that Haber during the 
fir.'it W’orld War built one of the very first plants 
ill Ie.ss than eleven months and was capable of iiro- 
duciiig .^0,000 tons of fixed nitrogen per annum. With 
the exi)erience of the last 30 years we should »be 
ca])able of doing something better than wliat Haber 
was capable of. 

Thi^ plant is estimated to produce aminoniuni 
sulphate for the price of about 40-45 Rupees per ton 
whicb is roughly the pre-war cost of Rs. So/- 
and the present price i.s over Rs. 250/- per ton. 

The vState should take the lead in building such 
plants as the ])rogressive Indian Stale Mysore has 
ihme. If however private enterprises come for- 
ward the State should do all in its power to help it. 
Possibilities of obtaining plants from America on 
lea.se and lend basis should be explored. 


RAYON INDUSTRY IN INDIA 


"DAYON is the other name for artificial silk. The 
process of making this synthetic fibre was in- 
vented about the year 18S3-84 by Count Chardonnet 
of France and Sir Joseph Swann of England. Since 
that date research in artificial silk has made such 
headway that rayon industry has bceii an established 
and profitable industry in Europe, America and 
Japan. Artificial silk in the form of yarn and staple 
fibre at present constitutes an increasingly important 
addition to natural fibres like cotton and silk as raw 
materials for the textile industry. In fact, its intro- 
duction has made possible such wide varieties of yam 
and piece goods that textile industry has increasingly 
come to depend on rayon industry all over the world. 

Rayon industry is as yet unknown in India. The 
absence of an indigenous rayon industry to meet 
Indian textile industry’s growing demand for arti- 
ficial silk has naturally led to a heavy drainage of 
money amounting to several crorc.s of rupees annually 
from this country. The monograph on “The Rayon 
Industry”, recently issued by the All-India Manu- 
facturers’ Organizarion, Bombay, in order to indicate 
the urgency and possibilities of setting up this in- 


dustry in India, has published figures for imports of 
artificial silk yarn and piece goods into this country, 
which vve may do well to reproduce here. 

Tmi*ort.s ok Artifictai, Sii.k Yarn or Ravon in Tnuta 



fin lOOO’s 

of lbs.) 


Year 

Import 

Year 

Impotl 

l»24-25 

1,171 

19.32-3.3 

11,002 

1925-26 

2.671 

1933-34 

9.S0S 

1926-27 

5,776 

1934-35 

16,614 

1927-28 

7,510 

19.35-36 

14.911 

1928-29 

7,668 

1936-.37 

17.628 

1929-.S0 

7,353 

I9.37-.38 


1930-.^! 

7,119 

I9.38-.T9 

17,200 

1931-32 

7,96.3 

19.39-40 

.30,794 


These figures at once di.sclose the dependence of 
Indian textile industries on foreign rayon manufac- 
turers. The tremendous rise in the imports of nrli- 


IMPOKTS OK Rayon piKeiKmons in Inima 


Year 

‘ Yards 

Value 



(Rs.) 

1934-35 

... 68.489,000 

1,88.02,000 

I9.3.V.36 

... 72,999,000 

1,87,08.000 

19,36-.37 

... 99.259.000 

2, .32,9.5.000 

19.37-.38 

... 91,953.000 

2.28,63,000 

1938-39 

... 29,616,000 

1,04,36,000 

ficial silk yarn 

from 4 lakhs 

of lbs. in 1923-24 


about 3 crores of lbs. in 1937-38 is simply disquieting. 
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It the import of piece-goods be calculated in terms 
of yam, we note that India imported al)oiit 
50,000,000 lbs. of rayon valued at a few crores of 
rupees in 1937-38. Such a heavy and undue drainage 
could have been prevented, if there were an indi- 
genous rayon industry, to the immense beiient of 
this country. 

In exploring the possibilities of selling up the 
rayon industry in India, the monograph has dis- 
cussed India's position with regard to the supply of 
raw materials, chemicals, power, technical personnel, 
labour and such other things rctiuired for successful 
manufacture, to which the attention of the Slate and 
our industrialists may be drawn. 

Raw Ma'i*kkials 

The main constituent of artificial silk is cellu- 
lose. It can be obtained from wood-pulp or cotton 
and cotton linters. In Kiirope and America rayon 
is now largely manufactured from wood-pulp by the 
well-known viscose process. This is because of the 
easy and cheap availability of wood-pulp in Xorway, 
Sweden, Canada and V. S. A. Rut high-grade arti- 
llcial silk can also ])c economically iiiamifaclured 
from cotton waste by the acetate process. As India 
commands an abundant Mii>ply of short-staple c<itton 
and collon linlers, cotloii waste sliould ultimately 
be Ihe source of cellulose for rayon industry iu India. 

Owing to the higher prices of cotton waste and 
cotton liiiters, it may be questioned whether the pro- 
ihiclhm of rayon from cotton will prove ecoiioinic 
and stand competition with the foreign i>roducl utiliz- 
ing wood-pulj). Tlie following consideration indi- 
cates that utilization of cotton waste and lititers 
should prove economic in the long run. The pre- 
sent co.st of \vood-j)iilp is I anna and q pies i>er lb. 
aiul that of chemical cotton made out of short staple 
cotton and cotton linlers 3 annas h pies and 2 annas 
respectively. Rut the cellulose content of wt^^l- 
piilp is 87 per cent, whereas that of chemical cotton 
is at least qS per cent, and as such the potential value 
of chemical cotton is much greater than that of wood- 
pulp. Moreover, the (piality of rayon from cotton is 
<lc‘finitely superior to that from wood-pulp. When 
these facts are properly weighed pnidnction of rayon 
from chemical cotton would ai^pcar to be a profitable 
undertaking. 

Resides wood-pulp and cotton waste, there arc 
other sources of cellulose for the manufacture of 
rayon. Bamboo-pulp is by far the most important of 
them. Experiments recently conducted in America 
have proved that rayon can be ] produced from 
bainboo-pulp by the viscose process. Some experi- 
uients were also conducted with iniiial success by 
the Dehra Dun Forest Research Iiisliliite to develop 
a process of making bamboo-pulp suitable for rayon 
manufacture, and more investigations are needed in 


this direction. Bagasse is another important raw 
material whose suitability for the manufacture of 
rayon may yet be decided by further research. It is 
further reported that the lower ranges of the Hima- 
layas abound in good cpiality spruce from which 
wood-pulp almost as good as the European or the 
American variety may be produced. In fact, there 
are reas()iis to believe that if the Forest Re.scarch 
Institute, Dehra Dun, concentrate their research on 
the utilization of Indian woods for the supply of 
cellulose for the inamifacture of artificial silk, pro- 
duction of viscose rayon will also be a practical and 
economic inopositioii in India. 

CllEMiC.\i.s 

The important chemicals required for the manu- 
facture of rayon arc carbon di-suljdiide, caustic soda 
and sulphuric acid. Carbon di-siilphide is not manu- 
factured in India and plants have to be installed for 
the manufacture of this chemical. Caustic soda and 
sulphuric acid are, however, manufactured, but their 
production raie will have to be increased. 'J'he annual 
liroduction of caustic soda is at present about 5,o<j(j 
tons, a figure which is likely to be increased to about 
1 5, (.00 tons in near future. Present i>roduction of 
sulphuric acid has been estimated at about 70,000 
tons with possibilities of increased production in the 
years to come. Other chemicals retpiired are zinc sul- 
l)hate, sulphate of ammonia, sulphate of magnesia, 
sulphate and bi-sulphatc of soda, and the mono- 
siilt)hide and sulphite of sodium, and glucose. It 
is true that India’s normal requirements for chemi- 
cals arc not met by her iiisuflicieiit chemical indus- 
tries. Rut in view of the possilde expansion of her 
chemical industries and easy availability of imported 
chemicals from olher countries in the post-war period, 
tile problem of the supply of chemicals does not 
aiipear to l)c a serious obslacle to the establishment 
of this industry in this country. 

POWKR .\M> \V.\TK1< SUIM’I.V 

Cheap electricity is necesary for economic pro- 
duction of rayon. Supply of cheap electricity, how- 
ever, can be guaranteed if the industry could be 
established in the vicinity of a hydro-electric station. 
If this cannot be secured the industry should be 
situated near a coal ])rodiicing district so that it can 
jiroduce its own electricity at a cheap rate. 

The process of inanufaclure calls for an abun- 
dant su^iply of fresh water. Accordingly continuous 
suppl>- of fresh water is another important condition 
for the location of the industry. This requirement 
necessilales the e.slablishment of rayon factories on 
the banks of big perennial rivers, as the western 
countries have done. It should be noted in this 
connection that the large volume of water, after doing 
its job ill the factory, should not be allowed to con- 
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taininate irrigation canals or water-supply systems, 
but should be discharged into the neighlwuring 
valley or sea, as this water contains poisonous 
chemicals. 

Tkcunicai, Pkrsonnki, ANn Labour 

The problem of technical personnel and labour 
does not appear to present serious difficulties. The 
inaniifactiire of arlilicial silk is more in the nature 
of a chemical process than of a textile process. The 
iiiaiiufacturiiig technique has been so much improved 
ill recent years that the whole operation is continuous, 
aiiloinatic and mechanical rcciuiring little skill on the 
part of labourers. The chemist responsible for the 
precise regulation and supervision of the various 
processes should, however, be an expert hand at that. 
Under him will work a number of foremen and assist- 
ant chemists to supervise the work of the operatives. 
There is no dearth of chemists and scientists with 
the required technical qualifications and abilities in 
this country to run such manufacturing concerns, 
and where further and sjiecial training is deemed 
necessary, instead of importing foreign experts on 
fancy salaries, our men may be sent abroad to master 
that particular technique. During the installation of 
the plant, helii and services of foreign technicians 
associated with the liims supplying the machinery 
may be easily obtained. It has been estimated that 
a factory turning out a rayon daily will not 

require more than 750 men on a liberal calculation. 

Unit of Pkoouction, Capitai, Outi.av anj> Profit 

The monograph has suggested that a rayon 
niainifactiiring plant to be sufficiently profitable 
should have an out-put capacity of alxnit 6 Ui 10 
tons of yarn ])er day. A plant with a production 
capacity of less than 6 tons a day can only be set up 
at the ri.sk of a reasonable margin of profit. Ustab- 
lishmeiit of very big rayon 4 ’actorics does not also 
appear advisable as the distribution of the ]>roduct 
over a wider area necessarily involves heavy freight 
charges. A number of rayon factories with 10 tons 
a day as the unit of production may be e.stablished 
throughout the length and breadth of this country. 
The following estimate suggested in the nioiiograph 
indicates that a capital outlay of about one crore of 


Capitai, Invi-stment 

Rs. 

1. Land ... ... Pree 

2. Ruildiiig ... ... ... 500,000 

3. Pulp Making Machinery ... ... 500,000 

4. Riivon Manufarliiring Machinery ... 5,000,000 

5. Customs Duty at 10% ... ... 550,000 

6. Kreclion Charges ... ... ... 200,000 

7. Unforeseen and Sundry Charges ... 500,000 

8. Working Capital ... ... ^ ... 2,500,000 

9. Brokerage, Underwriting Comniis.sion 

and Promolioii Expenses ... 250,000 


rupees will be required to establish such a rayon 
factory. The cost of production per lb. of yam has 
also been roughly calculated, as shown below. Thus 
the cost of one lb. of yam will amount to about 
8*17 as. on a liberal estimate. Since the average 


'Pun Cost of 1*rot)uction of Yarn 


1 . 

Cost of chemicals and raw materials .. 

. 5- 10 as. 

2. 

Cost of jjower 

•70 

3. 

Cost of heating 

•45 „ 

4. 

Cost of labour 

. -.*50 „ 

5. 

Cost of staff 

•46 „ 

U. 

Cost of deprei'iatiuii charge.'^ 

•96 „ 


817 ,. „ 


selling price of first grade 150 deniers artificial silk 
yarn i2\s as. per lb., in normal times a margin 
of nearly 4 as. per lb., i.e., 50 per cent, is indi- 
cated, according to this calculation. On the basis 
of 300 working days per year, the annual output of 
a 10 ton plant will be 3,f)oo tons or 73,20,000 l])s. 
of yarn which will produce a net annual profit of 
more than Rs. 18 lakhs. This profit can be sub- 
stantially increased if manufacture of transpareni 
paper and staple fibre be siinultaucously undertaken, 
along with the manufacture of rayon yarn. In fad, 
transparent paper or cellophane is of tlie same diemi- 
cal composition as rayon yarn and re*iuircs the same 
chemical processes and almost the same machineries. 
The cost of a complete machine capable of producing 
oue ton of cellophane paper daily will not excee<l 
Rs. 500,000, including transport charges, customs 
duty and erection expenses. But a profit of aboiil 
Rs. 5 lakhs may be derived aiiiiually, and as such 
the production of cellophane jiaper and staple lilire 
may be simultaneously undertaken. 

India is one of the important textile nianufadur- 
ing countries of the world and is expected to reiiiain 
so in future. Textile industry is one of her few 
important industries whose promotion and expansion 
should be the concern of all industrialists of this 
country, and also of the Government. Introduction 
of artificial silk has revolutionized several aspects of 
the textile industry and Indian manufacturers iiave 
also shown rcadiucss to consume this artificial fibre 
in ever increasing amount. The growing demaiul for 
rayon and the present heavy drainage of money 
involved in its import from Europe and America are 
sufficient plea for the immediate setting up of this 
industry, for which India offers reasonable oppor- 
tunities. 


Total 10.000,000 


S. AT. Sen. 
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DEVELOPMENT* OF INLAND FISHERIES AS POSSIBLE SOLUTION 

OF MEAT SHORTAGE 


S. h. HORA, 

DIRECTOR or FISIIEKIKS, BENGAL 


^^DMITTEDIA' at the present moment, India as 
a whole, and Bengal in particular, is faced with 
the problem of meat shortage. It is pertinent, there- 
fore, to recall how Egypt solved an identical problem 
in the early years of the war by the development of 
its inland fisheries. In tlie Statesman of 23rd April, 
1942, it was stated : 


**Ugypt*s manner of facing the frxxi prolilem has interest 
for India now that central and provincial resources are being 
reorganized for a ‘Grow More Crops* campaign. Kgypt*.s 
meat shortage problem was so acute that sales were prohi- 
bited on three days in the week. This has largely been 
solved by the developmeut on a remarkable scale of inland 
fisheries. With the outbreak of war Kgypt*s lish supply 
dropped from about 12,000 tons a year to 2,000 tons because, 
of restrictions that had to be imposed on the activities of 
foreign fishermen. The Department of Fisheties however 
transferred millions of small fish from the sea to the lakes 
and the result has been uu increase to as niiicli as 40,000 tons 
:i year in supplies.” 


Through the kindness of Dr Taha, Director of 
iMsheries, Egypt, I have obtained further details of 
this remarkable achievement and as the infonnalion 
is likely to prove of great value to all provinces and 
States, I take the liberty to publish it here in detail 
so that in this country also development of fisheries 
may receive the ncce.ssary iiiif)etus in the “Grow 
More Food” campaign. Dr Taha has written to say : 

“at the beginning of outbreak of this war, the proiluc- 
lion of the Kgypliaa Fisheries was seriously atfecAcd due to 

(1) Restrictions imposed on Sea Fisheries. 

(2) About 40 foreign motor fishing boats departed as 

soon as ho.stililies began. The few native motor 
boats left were made use tif in purixises other 
than fishing operations. Conseciuently the pro- 
duction of .sea-fisheries dropped fnmi about 12,tK)0 
tons to nearly 3,000 Ions annually. 

The pre-war total proilucliou of the Egyptian Fisheries 
was estimated at 40,000 tons nnunally drawn from the llitee 
main sources : 

(a) Marine Fisheries, responsible fon 25% -30% of 

the total production. 

(b) bake Fisheries, responsible for about 60% of the 

total production. 

(c) Inland I'isherics, responsible for alwmt 10% - 15% 

of the total production. 

In addition to the war consequences on sea-fisheries, 
there are other local factors, which tend to limit the yield 
nf bake-Fisheries. The.se mainly are ; 

1. The area is gradually decreasing ami the dried land 
are reclaimed for Agriculture. 


2. OuanlitiL's fif fresh water supply lakes arc gradually 
(leereasiiig according to the agricultural jiolicy. Con.se- 
(luenlly the level of ihe lakes is purposely made as low as 
]>ossible for the adi'quale drainage of neighbouring agricul- 
tural lands. Moreuver the devclopinent of agriculture has 
had not only a had idfecl on lake fisheries, hut also on the 
the inland fisheries iliie to the necessity of controlling and 
ilevelopment of irrigation and drainage systems by the con- 
struction of dams, barrages, elc. and also the gradual change 
of va.st areas of I'ppcr-Egypt basins from seasonal to jierma- 
nent irrigation. These vast basins were considered to be 
one of the best environments suilal>le for natural breeding 
and for the raising up of fresh water fish. 

3. t'oiifronting the ahove-nieiilioned unfavourable fac- 
tors, the Department of Fisheries tried hard to mainluin the 
production at its jire-war level. The most successful 
niitusurc.s to iwercomc these difficulties were found in 
extending the operations of transferring millions of fry of 
marine fishes, iiiainiy Mullets and Anguilla, from certain 
localities near the sea-shore to the lakes. In particular, we 
iiieiilion Lake Afariout which has no connection with the 
sea. I^ake Karoiin, an Iiilainl bake alsi> used to be 
rich in fresh water fishes; but due to the agricultural policy, 
mentioned .above, the salinity of its water gradually in- 
ereased until it is estimated at present at about 20% in the 
larger part of its area. This high salinilv has depleted the 
lake from most of its fresli water speeies, and the catches 
were affected to such an extent that they dropped from 
4,100 tons in 1020 nearly to 4S.1 tons in 1929. 

4. The introduction of fry in this lake has greatly 
iniproveil llie situation and the catches gradually increased 
to alMnit 2,782 tons in 1936. 

5. It is here interesting to luite that besides the success- 
ful acclimatizutioii of two species of grey Mullets —Mugil 
cepliulus and Alugil capilo— in l^ake Kurouii, the latter sp. 
M. capilo has definitely spawned fimi propagjUed itself in 
lli.at lake.’* 

Similar causes liave affected the supplies of fish 
ill certain parts of India, and for these reasons steps 
taken in ligyiit to aiigmeiit .siipjdies have practical 
application to Indian conditions. The fry of various 
types of mullet are found in large numbers in the 
estuaries and backwaters and along the sea coast of 
India. Devanesen and Chacko' have already .shown 
that fry of the marine species, Mugil Iroschclii, M. 
icaigicnsis and M. schcli can be successfully -iccli- 
inati/.ed to fresli water conditions for cultural pur- 
poses. Regarding M. troschdii, the authors have 
stated that “Capacity of acclimatization, rapidity of 
growth, non-cannabalistic habit and the availability 

' Devaiiaseii, I). W. and Chacks, P. I. — “The Possibility 
of Culture of cerlaiii Marine Alullets in Frcsluvater Tanks**. 
Proc. Nat. Sd. India, 9, 249, 1943. 
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of the fry in large numbers indicate that this marine 
mullet is a good Indian sea-fish for cultivation in fresh 
waters*'. 

At the end of Devancsen and Chacko*s article, in 
an editorial note it was pointed out by me that in 
the estuaries of the Ganges M. lade and M. parsia 
are extensively cultured in the salt-water embanked 
fisheries known as ‘Rhasa Badha*. Further, it is 
known in the Suiidarbans that Mullets grow to a big 
size only if allowed to enter into fresh waters, espe- 
cially in the second year of their growth. Facilities 
are generally provided for the Mullets to migrate into 
paddy fields or adjoining freshwater canals for fatten- 
ing purposes. In the estuaries, however, the change 
in salinity is more or less gradual and, therefore, the 
fry of Mullets get conditioned under ii.'itural condi- 
tions for life in fresh waters. It must be remembered 
that during the breeding period of Mullets (February 


to April in Bengal), the waters are simply thick with 
their fry so that only a little trouble has to be taken 
in collecting and planting the fry into suitable places 
of water. It was rightly surmised then that the small 
marine fish of l{gypt transferred to lakes were pro- 
bably the young of Mullets. 

Extension of ‘Bhasa Badha* or salt-water bheris 
in the deltaic regions of the principal rivers of India 
is a practical proposition and is likely to result in a 
great increase in fish .supplies of the country. So far 
as the real fresh waters in the interior are concerned, 
fry of carp should be collected from rice fields, in- 
undated channels, and pools and puddles in the flood- 
ed areas and transferred to tanks and lakes. Species 
like Catla, Rohu and jUrij^al fatten well under suit- 
able conditions and, if properly farmed, will help 
materially in solving the meat shortage problem in 
the country. 


HINDU ASTRONOMY* 

PRABODH CHANDRA Sl^N GUPTA 


Hindu Mathkmatics 

TN Hindu Mathematics, the earliest researcher was 
Colebrooke whose work is now regarded as a 
elassic in this subject. This work presented to the 
h'uropean scholars the whole content of Hindu 
Mathematics as contained in Bhaskara ITs (ii.so 
A.D.) works, the 'JJlavaiV and the * IHjaganita' and 
the mathematical chapters of the 'Brn/ima-Sphuta Sid- 
dhdnia* of Brahmagupta. Dr Kern brought out his 
edition of the ‘ Aryabhallyn' in 1^7-1 . Rodet traii.slatcd 
and published one section, the Ganita of this work 
into French under the name 'Calcul du Aryabhata . 
Dr Buliler published his work * Indian Paleography' 
in the latter half of the last century. In this work 
he establi.shcd from Subandhu*s work, dated about 
the sixth century A.D., the use of a symbol for .i 
vacant uotational place, viz., the cypher which was 
a dot in the poet’s time as evidenced by the expres- 
sion * SunyabindavaW or the dots to which the stars 
in the sky arc compared. In the ^ Aryabhaitya* (499 
A.D.), the uotational places are found mentioned as 
“sthana” which means none else than place. In this 
work are found the Indian rules for finding the 

• Being the Presidential Address delivered at the Techni- 
cal Sciences Sectioti rf the Twelfth All-India Oriental Con- 
ference held at Benares on January I, 1944. 


scpiarc and cube roots of numbers, which show un- 
mistakable use of notalional places. The late Mr 
Kaye, in his translation of the Ganita section of the 
' Aryabhaitya', used the word “Order” in place of 
Aryabhata’.s word “stli.aiia”, and he created cpiile a 
diversion by asserting that the Decimal System of 
Notation was not an invention of the Indian Mathe- 
maticians but had a foreign origin derived from the 
practice of writing from the right to the left which 
obtained there. This view of Kaye has been succes.s- 
fully combated by the researchers Dr B. B. Dull, 
Dr A. N. vSiiigh and late Prof. S:irada Kanta Ganguly. 

hVoiii il.e field of Orieiilalia, the Decimal System 
of Notation is the greatest gift of the Hindu Mathe- 
maticians to humanity. After the conquest of Sind by 
Mohamad Ibn Kasim, it travelled to the old centre 
of Mohamadan culture at Baghdad and with the rise 
and spread of Mohamadan power it spread over 
Euro])e. It has immensely simplified the art of cal- 
culation all over the world. In India this system 
was confined to the learned circles alone for some 
centuries even after the time of Aryabhata I, till it 
found a place also in Indian Epigraphy. Dr B. B. 
Dutt published his ^Science of Sulva* in 1932, in 
which we find that the beginnings of many topics in 
the later Hindu Mathematics had been made in the 
Sulva period, i.e., about 6(X) B.C. In the solution 
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of Indctcnninate Equations of the first and second 
degrees the achievements of the Hindu inatheinali- 
cians are also very remarkable. The method employed 
in solving Indeterminate Equations of the first degree 
is called *Ku\{aka* or pulveriser. This method in 
the complete form is found in the * Aryabhaitya' (49Q 
A.D.), while in lUiaskara II (1150 A.D.) we have m 
full treatment of all classes of Indeterminate 
lions of the first degree. The famous leninia of 
rrahma Ciipta (628 A.D.), called by him ' yujrubadha* 
was rediscovered by Euler (1707-83) and this method 
was used by Hralimagupta in solving Indeterminate 
Plquations of the second degree and also by the later 
Hindu mathematicians in solving comparatively 
easier i^roblcms. 'I'he Indian method of Cakravdia 
or the “cyclic method” for the general solution of 
all Indeterminate Equations of the second degree, 
folIoAving as a corollary* to the lemma of Ilrahma- 
gupta to whom the credit of its invention which is 
purely Indian is to be ascribed has vet remaiujd a 
riddle to many. The rules are found in Hliaskara ITs 
work the ' but the author lays no claim to 
originality, when he says ** cakravdlamidamjaf[uh** . 
This has been sung (by others) as the “cyclic rule”, 
'riuis far it can be said that the rules have not yet 
1 een found in any hitherto known previous authors. 
I hope that further researches may show that this 
.ichievemenl is to be ascribed to Eadinanabha, if his 
work be ever brought to light. It is now a matter 
for research to decide whether the Hindus were also 
ilie first to use a symbolical notation in Algebra. 


In Trigonometry, Hie Hindu matlienialicians ami 
jislroiiomers ii.sed generally the fimclions of “sine”, 
“cosine” and “versed sine” in analysis. The tabu- 
lar dilTcrences of 21 “sines” in a <|uadranl are first 
fo\ind given in Mryah/ic/Tyd' (400 A.D.) calculated 
!)>' the imwl eleiiieiitary methods. The most accurate 
Hindu value of « is also fniiml in the same work as 
101 v8^ (12000 , ij. , , 


given by ?r — 


their methods, though very elementary, could solve 
both idaiie and spherical Iriaiiglcsf right angled and 
of other classes. Further in Hindu Mathcnialics we 
hud the beginnings niad(; of the Infinitesimal Calculus, 
The researchers in this field have been Biipudeva in 
/. A. S. /I, (1858) and Sir B. N. Seal in his “Positive 
Sciences of the Hindus”. I have also contributed a 
paper in the Calcuita Ihiivcrsity Journal of l.cttns, 
Vol. XXII, 1931, styled “Infinitesimal Calculus in 
Indian Mathematics and Astronomy”. The idea of 
Hiflerenliatioii developed from an attemj)l of the 


*1'. C. Sen Ouptn, “Origin of the Imlian Cyclic Method 
>‘;r the solution of Kx*+\^y*** in Ihe Bulletin of the Calcutla 
^'uihemaiical Society, 1918. 

t P. C. vSen Gupta, “Greek and iriiidu TMetliods in 
Ndierical Astronomy” in the Cal. Univ. Journal of Letters, 

'ol. XXr, 1931. ' 


Hindu astronomers to find the instantaneous daily 
motion of i>lanets, and the idea of Integration, to 
find the surface and volume of a sphere, etc. So 
far as we can .see, in Differentiation the idea of limits 
was recognized by all authors from Brahmagupta 
[bzS A.D.) to Bhaskara 11 (1150 A.D.). The idea 
of the real Differential Calculus thus seems to have 
originated in India. We have in Bhaskara II an 
e(|uatio]i which is eciui valent to 

d(Sin ^) -- Cos 0 d. 

While engaged in Irnnslating Brahmagupta’s 
KImndakliiidyaka, the Alarkand or Kliundakataka of 
the Arab astronomers, I came across a passage which, 
properly interpreted, makes it clear that Braliina- 
giipta rccommemls tlie ii.se of the vSecond Difference 
ill Inter] >olatioii. On this toj)ic a paper was pub- 
lished by me in the bulletin of Ihc Calcuita Mallic- 
matical Society, Vol. XXTII, 3, 1931. It will be 
clear from my pajier under reference that, of the 
Calculus of iMiiite Differences also, the first step was 
taken by the Hindu mathematiciaiis. 

Drs Dutt and Singh have undertaken to publish 
a complete anthology of Hindu Mathematics, of 
which up to now Ihe first two volumes have been 
published, and the third volume is under comiiilation. 
I trust, when the times arc more favourable, 
these volumes, it is cxjiected, will give the reader a 
complete history of Hindu Mathematics and all re- 
searches thereon up-to-date. If such a private venture 
is to prove successful, liberal help from the public or 
a university is perhaps c.ssential. From the very 
nature of such publications, the venture cannot be 
remunerative. 

Ill this connection we should not forget to men- 
tion the name of Prof. Rangacharya of Madras, 
llie translator and publisher of the 'Hanita Sara 
Samgraha* of Mahavira. The work has thrown 
much light on Jaiiia Mathematics and has been of 
iiiiicli help ill the study of the history of Hindu 
Mathematics. The researches of Prof. A. A. 
Krishiiaswami A\ yangar of the Maharaja's College, 
Mysore, also deserve meiitioii. 1 now pass on to the 
firogrcss made on the study of the history of Hindu 
Astronomy. 

Hindu Astronomy 

In this branch of Orientalia, the earliest writers 
were Bailly in his 'Ashonomic Indicnnie^ and 
Dclainbre in his classical work ‘Astronomic An- 
cicnnc\ Next in point of time was probably Bentley 
whose work, Historical r/cif’ of Hindu /Isfro- 
noiiiy", is well known. Then came the edition of 
the *Surya Siddhanta’ by Bapudeva and Wilkinson. 
Warren’s 'Kdla Samkalita' was perhaps next to appear 
in this field of research. In i86o was published 
Burgess’ traii-slation of the ‘Surya Sidddnta*, in the 
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J. A. O. S. A more important work from the view 
point of the history of Hindu Astronomy next 
appeared in the publication by Thibaut and Dvivedi 
Varaha-Mihira*s ‘ PancaSiddhantika* , which threw 
much more lisjht on the history of the Siddhdntic 
or scientific Hindu Astronomy. About the end of the 
last century appeared the "(ranaka TaraiiginV (1892) 
of Dvivedi in Sanskrit, I>ik§ita*s 'Bhdialiya Jyotih- 
siistra* (1896) in Marathi and 'Am^dcr Jyoli^a o Jyo- 

in Bengali by Prof. J. C. Ray, late of the 
Cuttack College, being mainly ba.sed on the works 
of Dvivedi and Dik^ita. ThcvSe works should all have 
been written either in Sanskrit or English and not in 
any of the provincial vernaculars. 

In the year tokS, Ancient Indian History and 
Culture was accei)ted as a subject for the M.A. 
degree of the Calcutta I'niversity at the instance of 
the late Sir Ashutosh Mookerjee, and Indian Astro- 
nomy and Mathematics was formed into a group for 
special study for this final degree of the University. 
From this date both teaching and research were pro- 
vided for in the Calcutta Hiiiversitv. In 1925 
appeared an edition by Pandit Babuaji Misra of the 
" Khandakhadyaka' of Brahmagupta with Amaraja’s 
commentary. This iniblication led me to get at the 
clear position of .Aryabhata T as the real maker of the 
Indian Scientific Astronomy in a publication of mine, 
“Aryabhata, the Father of Indian Hpicyclic Astro- 
nomy** publi.shed in the Calcutta University Journal 
of Letters, Vol. XVllI, 1928. The other publica- 
tions by me have been the papers: — 

(a) A translation of the ‘-Tryabkflfn»a’ in the 
Calcutta Ufiivcrsity Journal of Letters, Vol. XVI, 
1927, (b) Aryabhata*.s method of determining the 


mean motions of planets, in the Bulletin of the 
Calcutta Mathematical Society, Vol. XII, 3, (c) Time 
by Altitude in Hindu Astronomy and {d) Hindu 
l«uni-solar Astronomy in the Bulletin of the 
Calcutta Mathematical Society in Vols. XVIII and 
XXIV resiK'ctively. The Introduction to the Calcutta 
University reprint of Burgess* translation of the 
"Surya Siddhdnla* published in 1935, has been my last 
published contribution to the History of Hindu 
Astronomy. 

As to the Hindu Siddhdntic Astronomy foreign 
influence is umiuestionable as may be seen from the 
brief and meagre account of Greek Luni-solar 
Astronomy under the name 'Romaka Sidddnla*, given 
ill the ^Panca-Siddhdntika* of Varrihaniihira. The 
\*asi.stha* and the ‘Paulisa Siddhdntas* of which a 
summary is given in the same work of Varahamihira, 
also pf)int to a foreign origin which may be Greek, 
Babylonian or Persian. Itven the modern 'Siirya 
Siddhdnta* has in it the unmistakable inlluence of 
Babylonian Astronomy in its conception of the gods 
of Manda, Sii^hra and Pdla, as producers of planetary 
dhdnta.' The chief improvements made by Arya- 
bhata are given in the following tabular form : — 

Inspite of all these foreign influences Aryahhala 
I (499 A.D.), the real maker of the Indian Scientific 
Astronomy had a clear originality in a thorough 
revision of all the astronomical constants as they 
came from the foreign sources. These have been sel 
forth in my paper ** Hindu iMni-solar Astronomy" 
and in iny Introduction to the Calcutta University 
reprint of Burgess* translation of the ‘Surya Sid- 
dhdnla.* The chief improvements made by Arya- 
bhata are given in the following tabular form: — 


AslroiMnnical constants 


Ivongitude of Sun’s Apogee 

Sun’s max. Efpiation of Apsi.s 

Sill. Per. of Mimui’s Node 

Long, of the Aphelia of 
(ui) Saturni 

(b) Jupiter 

(c) Mars 

Long, of Nodes of 

(a) Saturn 

(b) Inpiler 
fc) Sfars 

(d) Venus 

(e) .Mercury 

Max. PViuntion of Apsi.s 
(fl) Saturn 

(b) Jnpiler 

(c) Mars 


Arvabhata 

I^oleinv 

Moderns 

Arvnhliata's 

Difference 

499 A.D. 

' 150 A.D. 

500 A.D. 

Error 

from Ploli-iii) 

780 

65° .3P 

77® 19' 

-f 0° 41' 

+ 12® 30' 

2° y 

2° 23' 

1® ssy 

+ OP 10' 

- 0® 14' 

G794-7459 

6796-4568 

6793-.3911 

1-3584 da. 

-1-7063 ila. 

da. 

da. 

da. 



230® 

224° irv 

24.3® 40' 

- 7° 40' 

+ 11® .50' 

180® 

l.'^20 <K 

170° 22' 

+ 9® XV 

+27° 51' 

118° 

106° 40' 

128° 28' 

to® 28' 

+ 11° 20' 

100° 

OOP 

100° .32' 

- 0® .32' 

! 

1 +10° 

80° 

70° 

8.5° 13' 

- fP 13' 

+10® 

40° 

30° 

.37° 49' 

+ 2® 21' 

+ 10° 

60° 

.55° 

ft3° 16' 

- 3® Ifi' 

I + .5° 

20® , 

I 

10° 

30° 35' 

- 10® 

+ 19® 

7° . 

6° .30' 

6® .57 ' { 

+ 1® 4' 

+ t° 2.V 

S° 1 

.50 14' 

.50 KV 1 

1 + 0® 81' 

1 + 0° 10' 

10° 2fy ! 

11° 10' 

10° 33' 

+ 0® sy 

+ 0° O' 
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Here the differences between the constants of 
Aryabhata I and Ptolemy cannot be explained by the 
precession rate of l^oleiiiy of i® per roo years in the 
cases of the longitudes of aphelia and nodes of 
planets, while in the remaining cases independcnl 
determination by Aryabhata I must be conceded. 
These facts ought to be enough proof of the claim 
for Aryabhata I, being held as the greatest of all the 
ancient rndian astronomers, as the real maker of the 
Indian Siddhdntic Astronomy, and not a mere 
borrower from any foreign system of astronomy. 

Again the teaching in Hindu Astronomy that at 
starting point of the Kali -reckoning, the “mean 
planets” were at the very beginning of the Hindu 
sphere and that the longitudes, the moon's apogee 
and node were respectively qcP and i8o° of the same 
sphere, is also to be ascribed to Aryabhata 1 . The 
epoch of Kali-reckoning, viz., Feb. ,^103 H.C., 

I'jjayiiii iMean Time, o hr. or 6 A.iM. of I'eb. r8, 
was most likely arrived at by him by an Indeterini- 
iiale Analysis. Although at this epoch the “mean 
planets" did not exactly coincide with the 1st point 
of the Hindu sjdicre (the mean vernal eouinox of 
2i.st March, 49Q A.D.) and tlie lunar aiiogee and the 
node did not have the longitudes go® and iSo® of it, 
there was something approaching a general agree- 
ment with the hypothesis with which Aryabhata I 
had started. This is borne out by the researches of 
bailly, Ikmtley, Hurgess and also by myself. It 
is thus seen that the astronomical Kali-reckoning 
was a fiction created by Aryabhal;a I to simi»lify his 
rules for stating his astronomical constants at this 
epoch. It is clear from the facts stated above that 
this epoch of 3102 B.C. cannot have any chrono- 
logical significance. 

Hut as we come down by 3600 years from this 
Kali epoch to Aryabhata's time using his constants, 
to the date, March 31, 499 A.D. Ujjayini Mean 
Midday, (J.D. = 1903397), we have: — 


The figures show to some extent how far 
Aryabhata I was accurate as an observer. 

Again Aryabhata’s ycar=365da. 6 hrs. 12 min. 
30 secs, and True Sid. ycar = 365da. 6 hrs. 9 min. 
10 secs. 

His year was thus in error by about 3 min. 

J20 

20 secs. But Paulisa Siddltdnia year= days~ 

365 da. b hrs. 12 mins., which was more accurate but 
still Aryabhata 1, perhaps did not find it to have been 
so. He did not accept any astronomical element 
transmitted from a foreign source as correct until 
and unle.ss it was verified by his own observation or 
observation records accessible to him. 

As to the discovery of lunar inef|iialilies, 
Aryabhata I (499 A.D.), Brahmagnpla (f.j8 A.D.), 
Italia (74S A.D.), recognised only <me. But on 
coming down to the time of Munjrda (932 A.D.) we 
find that this astronomer first discovered the second 
inequality of the Moon*^ and Bhfiskara II (11 5f) A.D.) 
the third inciiiiality. The Hindu form of the “evec- 
tioii" etination is much better than that of Ptolemy 
and stands on jiar with that of Copernicus (1543 A.D.) 

The other details of Hindu astronomy chiefly 
concerned with the Ilindu astronomical methods of 
calculation, were improxed niion and corrected by 
Brahmagupta and Bhaskara II. Periodical (‘orroctions 
to planetary positions as derived from the Siddlintitnx, 
have been made by I.,alla, vSripati, vSatilnandn, 
Bliaskara II, Hanesa and .Makaramla and in Bengal 
by Kaghavananda and Rainasarnia. Tliey have tilsr) 
derived .simpler methods of calculation according to 
the Siddlidntas. The outstanding fact from all re- 
searches up to dale is that the first lliiidu scienlific 
Siddhilnla the Aryabhaliya, was started from the 
year 499 A.D. and hy Aryabliata I. 

From the view p«)int of the history of Hindu 
a.stronoiny, there is a great gap fnmi about i4t)o B.C. 
to 499 A.D., which remains yet to be explored I 

* On Ibis topic two papers have been piiblisheil in the 
BhUcUu of the Calciifta MatheniuticaJ Society, one in Vo!. 
XXII, 2 and 3 hy Mr Dliireinlni Nath Mukhopadhyaya, and 
the other in Voi. XXI\', I, by the writer iinnied “Hindu 
buiii-Solar A.stronoiny”. 



Arvabhatn'^ 

31 can Trop. 

b'rror in 

Arvablia\.» 

Moiicriis 

lirror in 

Planet 

Mean Long. 

lyongitudes 

Vrvabhapi’.s 

True 

True 

Arvabh.ua 's 


Adila,\ ika 

M<Klcrns 

1 

Mean longs. 

Places 

Places 

True Places 

8uii 

(F 0' 0" 

3.59° 42' 5" 

+ 17' "55 

2° 6' 6" 

r .^7' 48" 

0° 28' 18" 

Moon 

280° 48' 0" 

280° 24' 52" 

4- 23' 8" 




Moon’s Apogee 

35° 42' 0" 

35° 24' 38" 

b 17' 22" 


... 


M(K>n’s Node 

352° 12' 0" 

35° 2' 26" 

4 O' 34" 




iFctuMiry 

18fi° 0' 0" 

183° 9' .SI" 

+2° 50' 9"* 

352° "4' 

349° 4* 

+3° o'* 

Venus ’ 

24' 0" 

.1S6° 7' 51" 

+0° 16’ 9" 

,V>9° 43' 

.3.S9° 18' 

1 + 25' 

... 

7° 12' 0" 

6° 52' 45" 

+0° 19' J5" 

-t 0° 1' 13" 

10° 50' 

lO'* 23' 1 

1 T 27' 

lupiter 

187° 12' 0^ 

187° 10' 47" 

185° 57' 

186° 40' ! 

! - 47' 

xiturii 

49° 12' 0" 

48° 21' 13" 

4-0° 50' 47" 

1 

40° 5' 

40° .56' 

- 51' 


Maximum ern«r in the long, of Mercurv in Aryabhata’s system. 

3 
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mean ihe period of traiusition from the astronomy of 
the Vedamgas to the age of the Siddhdnias. In this 
period lived tlie astronomers Garga, Kasyapa, and 
others whose names and extracts from whose works 
are quoted by Hhattotpala (966 A.D.) in his com- 
ineiitary on the Brhat Samhitd of Varahamihira. 
There are works like the Vjddha Garga Sathhiid still 
extant, which should be rescued from the total 


oblivion into which they are fast sinking. These 
astronomers described caras or courses of planets of 
which we get some idea from the Panca-Siddhdntikd, 
chapter XVTI, and also from the Arthasastra of 
Kautilya. It is a very important point for research 
how* far these edras described in these earlier works, 
could have influenced the first formation of the 
scientific Hindu Astronomy by Aryahha^ I, ^ 


EDUCATIONAL NEEDS OF BENGAL BASED ON FIGURES 

OF EMPLOYMENT 

S. DATTA, 

I'RTNCIPAr., KAJSlfAUl COI.I.KGK, BKNT.AI, 


1NTROI5UCTORY 

KKK arc various ways by which the educational 
needs of a country can be surveyed. A practi- 
cal method of doing it will be to calculate backwards 
from the figures of employments. Just as the success 
of an individual depends on how best he can con- 
serve his energy and apply it to different activities 
of life according to demands, so does the success of 
a nation depend on how best it can conserve the total 
energy of its individuals for expenditure in the 
varied activities of the national life. This requires 
a careful planning and grouping of the individuals 
so as to obtain the maximum of collectivized effi- 
ciency at minimum of expenses and this is possible 
only by educating the groups in such a way that 
excesses arc avoided and standards improved. It 
is necessary to avoid excesses not merely because all 
excesses are wasteful but because with limitations of 
human energy and of national income such excesses 
are bound to lead to inefficiency in training and defi- 
ciency in the standard of education. 

What has been meant here by excesses in educa- 
tion is this : To a clerical post it is wasteful to 
employ a person having a high literary education. 
It is not that the latter person will be incompetent 
to do the . wwk- though at times this is also true — 
but in order to avoid w'asteful utilization of national 
energy such a person should not be employed for 
doing the work of a clerk but should be given some 
vocation in which his literary abilities might find a 
fair play. I'or efficient conservation of the nation’s 
energy, in choosing a clerk we ought to choose a 
man who has the right training and equipment of a 
clerical job and it should be the duty of the nation 
to give a number of men the requisite training so that 


thc3' might be suitably employed for such vocations. 
Similarly a Joldar ought to receive sufficient train- 
ing in scientific agriculture and not made to receive :i 
purely academic training w'hich will lead him no- 
where. 

It is therefore clear that in formulating onr 
educational needs, the most scientific way of approach 
w'ill be to examine the country's rcfpiireiiKTils from 
the vocational standpoint. It is true that such re- 
quircnicnts have no static feature and are directly 
connected with the nation's outlook. In the pre- 
dominantly agricultural Tsarist Russia probably go’’., 
of the people of Ru.ssia had agriculture as their voca- 
tion, whereas in the modern indu.strialized Soviet 
Russia a considerable mnnber has changed their 
vocation from agriculture to industries. Coiiseqneiil- 
ly ihc educational needs of modern Russia dilTer 
considerably from those of the past. There is how- 
ever a limitation to such changes and fluctiialioas 
and in any case in making a start, the existing con- 
dition may safely be regarded as an index of the 
country's , .resent refiuirenients, and it may be sur- 
veyed every five or ten years when requisite statistics 
are available from census figures. A more accurate 
and thorough plan would have been to find out the 
optimum of each vocation, i,e., the number of men 
which each vocation can suitably accommodate w'ith- 
out any overcrowding. But necessary data for cal- 
culation of the optimums are not available, hence 
the actual figures of citiployments have been accepted 
as the optimum of the corresponding vocation. ' 

With the above in view, a thorough analysis of 
the figures of employments of male populations of 
Bengal has been made from the Census Report of 
* 9 . 11 — those of the 1941 Census being not yet avail- 
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able and women’s education has been left out of the 
present consideration. Such analysis at once reveals 
that persons employed in different pursuits can l>e 
suitably classified from the educational standpoint 
into the following three groups : — i . General, 
2 . Commercial, 3 . Technical. From the number of 
(Mj^ns employed, an estimate has Ijcen made as to 


the number of probable annual vacancies and this 
latter figure has been utilized in the calculation 
of the number of schools of each type required to 
satisfy the country's requirements on the assumption 
that the basic education of the different groups is 
common in Primary and in some length, of the High 
School stage. 


TABIvK 1 

ANAI.ySIS OK TUK fiMK1.0YMKNT KlI'.UKKS 

i\sliniaLed figures requiring education (in thousands) 


Vomiitm as classified in the Census Report 


I Xuii-cuhivuting proprietors 
2 3 Estate Agents and Managers 
4 Rent Collectors 
*1 -16 Special Cultivation 

17 Forest Officers, ranj^ers, guards 

43 Cotton spinning, sizing & weaving ... 
35 Coal 

44 Jute pressing, spinning & weaving ... 
.SI -53 Hides Industry : I^eather, bone 
54.._56 Wood : Sawers, Carpenters, Basket- 

makers 

.S7 61 Metal : Smelting, Blacksmith, Brass 
workers 

.S.4 66 Ceramics : Potters, Brick makers, other 
ceramics 

()6 70 Chemical products : Matches, Aerated 
Water, Vegetable oil, Mineral oil 
82 84 Dross and Toilet 
88 Cahiiiei maker 
iy 99 Mi.sco11iineous Industries ... 

01 Motor car construction and repair ... 

02 Carriage 

IM Klectric Power and Gas work 

113 Ry. ICmplovees excepting labourers ... 
107 I\iiiployees of Mechanical Vehicles ... 

114 Post, Telegraph, Telephone employees 

115 Bank, Insurance employees 

116 Brokers 

117 Textile Trade ... 

118 leather Trade .. 

123 (Hlier Trades 

12.S Tnade in Chemicals 
148 Book Trades 
153 Army (Imperial) 

157 Police 

158 Village Watchmen 

159 State Service 

161 Municipal 

162 Village Officials 

167 Lawyers 

168 Lawyers’ Clerks 

169 Medical Practitioner 

170 Qnacks 

171 Dentists 

173 Vet. Surgeons ... 

1/4-176 Professors & Teachers including 
Clerks etc. in Institution 
177 Surveyors & Engineers ... 

178-183 Miscellaneous occupation in Arts 8: 
Sciences 

186 Motor Drivers & Clearers 
!?? Unclassified businessmen 
[89 Cashiers & Accountants 
190 Mechanics 


I 


Total 

(General 

Commercial 

Technical 

mployed 
in 1000 

Low 

High 

Low 

.1 

High 

Loiu 

UWt 

451-7 

406-6 

36-1 


4-5 

■ 

4-5 

M 


l-l 





423 



42-3 


... 


146G 

1-0 

-12 


‘■1 . 

•2 

•1 

M 


•2 


■12 : 

•12 

•1 

127-7 

*V-4 

0-2 

’“-2 



-24 

24-3 

... 

... 

24 

i 


•24 

229 1 

M 

0-3 

•3 

■■-15 1 

■■-3 

•15 

11-2 

-4 

•1 


1 

j 



116-6 

3-0 

•5 

-5 

... 1 

•5 

... 

48-5 

3-4 

•5 

•5 

.. i 

J 

•5 

... 

63-2 

-8 

•2 

•2 

1 

I 


... 

. 35-4 

... 


•2 

1 

! 

•1 

•1 

61-6 

-6 


6 


•6 

... 

1-8 



■1 


•1 


591 

‘21 

... 

19 


1-9 

*•08 

1-7 

... 


•08 


-.34 


1-1 

... 


•02 


•11 


3-3 

... 

• se 

•06 


•25 

■■-bf) 

38-6 

14-5 

4-8 

7-3 

' 2-4 

7-3 

2*4 

8-2 

... 


l-O 


31 


10-6 

3 

3 

2 

’i'-o 

1-0 

i ‘‘e 

444 

... 

•4 

30 

10-0 1 



8-8 

... 


7 

•8 1 



56-5 

... 

28 

25-4 



i 

22-7 

... 

•2 

21 




170-0 

... 

•8 

14-4 

1 


: ’-8 

3-5 


•8 

10 

i 



22-5 

5-0 

1-2 

50 

“ i 



25 

2-0 

0-5 

... 

1 

1 

i 

21-2 

19-2 

2-0 

... 

... 1 


' 

.33-5 

33-5 



... 



38-5 

... 

35-0 

... 

3-5 



9-2 

... 

8-5 1 

.... 

i 

• •• 


i 1 

11 


.... 

! 



17-1 

... 

n-i 



• « • 


13-5 

1 135 




... 


28-7 

... 

28-7 

.... 




1 21-3 

21-3 


... 




1 M 

1 

11 





-5 

... 

•5 



... 


69-0 


69-0 





1-6 


16 





22-8 

20-4 

2-4 





7-2 

i 




‘s-r. 

... 

6-7 

= 30 

”■7 

’3 




194-4 


... 

175 

194 

... 

... 

9-0 

! 

... 

... 


8-0 

70 


I 

* Ketnarks 


j Rest 
I I^bourei 
Do 
T)o 


N.B.--By «High” and **T^w** are meant the corresp^mding eilucalion of the College and School standards re.spectively. 
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It is amazing that out of a population of over 
crores (iQ.u Census figure) number of |>er.sons 
engaged in vocations requiring secondary or higher 
education is as low as I'lS millions. Be that as it 
may, the total number of persons requiring different 
types of education, as enumerated in the “Analysis 
of the figures of einploynients** given above, may be 
broadly classified as below: — 

TABLE 2 


Type of education 


No. of persons hi 
thousands 


(Jeiieral low 
General high 
Conimcrcial low 
Conniiercial high 
Technical low 
Technical high 


556 9 
221-5 
320-6 
42-5 
2H-2 
10-2 


Total 


1179-9 


due to retirement may be estimated by assuming an 
e(]iii-distribution of number in different age groups, 
so that the number of retirement in any year is the 
total number divided by the number of years of active 
service. This gives the percentage of vacancy by 
retirement as lOo divided by 42 (60-18) i.e., 2*4. 

The defection due to death* may be obtained 
from the Indian mortality co-efficients for the said 
age limits and taking their average as shown in thc- 
table 3 l>elow : 


TABLE 3 



Value of co~efficienl 

A^e 

per hundred 

20 

... -5 

30 

... -7 

40 

... 1-0 

so 

... 1-5 

GO 

2-9 

Average ... 

... 1-37 


The rest of adults comprising the large volume 
of cultivatfirs, fishermen and labourers need only l^c 
given rrimary education with adequate vocational 
bias. As the complicated question of Primary educa- 
tion is left out of the present consideration, the 
analysis of the educational needs of Bengal will 
therefore be confined to Secondary and Higher 
education only. 

Anai.ysis or the EDucATjoNAh Needs 

The figures collected above give the total number 
of persons engaged in vocations requiring a common 
basic type of education. It may be argued that the 
alhx'ation to difTercnt groups has been done entirely 
arbitrarily. Although this is true, it may be claimed 
that in many cases test verifications have been made 
by references to particular firms representing a group 
and the percentage of figure of allotment to different 
classes has been adjusted accordingly. Consequently 
the figures are not obtained on an entirely arbitrary 
basis but has close correlation with the actuals. 

Assuming therefore that each vocation can 
support only the present number of [itrsoiis, it is 
clear that for the present, the educational aim of the 
country .should be to keep an adecpiate .supply of 
trained men so that these figures, which would 
normally run short by death or retirement can be 
maiiilained at their present levels. Now, ])ersons 
engaged in any vocation comprise all age groups, 
say between 18 and 60. Taking 18 as the average 
minimum age of entry and 60 as the average maxi- 
mum age of retirement from service,* the defection 

• Although the age of letiremciil in State services is 55, 
as the imniher of persons engaged in State services is very 

small as compared to the total, the average age of retir^ 
ment is estimnted at 60, which may be regarded as the age 
at which infirmity begins. 


The total co-efficient of defective is thus 
2*4 f I ‘37 = 3*77. Hence the number of persons of 
each education-group required to balance the annual 
defection is as follows. (Table 4). 

TABLE 4 


Type of 
Education 


General (low) 

.. (higli) .. 
','ommercial (low) 
M (high) 

Technical (low) 

.> (high) 


Total No. 
employed 
in thousands 

Defection 

Co-efficient 

556-9 

- — 

221-5 


320-6 

3-77 

42-5 


28-2 


»0-2 



No. of defci’ 
tion = Col. J X 
eol. 3 diviiit\l 
hy one hun- 
dred 


20998 

8350 

12066 

1602 

1063 

oS4 


Coriseciuently the needs of the Secondary and 
Higher education will have to l>e formulated in such 
a way as to impart different types of education to such 
number of persons as will annually yield the number 
given above. 

Although a classification into different types 
according to the reciuiremcnts of each vocation has 
been made, it will be generally admitted that in the 
elementary stages they must be the same and the 
brandling into different tvfies should take place at 
some higlier stages, of the . school education. There 
may be some difference of opinion as to the stage at 
which this will happen. But from consideration of 
age it may be laid down that such branching leading 
to some degree of specialization will not be of advan- 

• Defection co-efficient hy death should vary accordinK 
to nature of occupation but owing to absence of such classi* 
ficatiou in the Afortality table, the average is taken. 
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tage until at least the age of twelve is reached which 
corresponds to Class VIII of High Schools taking 
the average age of admission into the lowest class 
(i.e,, Class HI) as seven years. A general scheme 
of education is accordingly tentatively suggested in 
the form a genealogical table given below : — 


TABIvE 5 

Eletnetitary School Kducntioii A. 


High School 
Education leading 
to Matric General 

I 

University 

General 


(U]) to Class VIT). 


Technical ScIkk)! 
Education 11 lead- 
ing to Mnlric 
technical 

Technical high 


Coinnicrcial 
Sclu)ol Education 
B leading to Ma- 
tric Commercial 

I 

University 

Commercial 


Assuiniiig the average defection in class promo- 
tion as 4% and the defection in the first stage, i.c., 
from A to Ji as 3o%, from H to C as 30% a progres- 
sive loading backwards has to be made in order to 
arrive at figures giving the number of students in 
the topmost class of stage A which will satisfy our 
vocational needs, 'fin's has been shown in the follow- 
ing table. 

'I'ABUE 6 


Type 


(h'lieral high 

M 

Commercial high 
•I low 
Technical high 

II low 


o'S 


■ 


! 5 u 

! c-5 

i 

I 


8..^S0 

1,602 

384 


11,9.10 

20,098 

2,290 

12,086 

.S.SO 

1,003 




S U) tj 

4: .5 


I 

I 'rs 

^ "-ft 


: 


26 t 

137 1 


163 1,^,1 202 


\ "‘i 15 I 


23 


The number of students which institutions 
imparting different types of education will have to 
pass out annually being thus known, an estimate of 
the total number of such iiislilutions can be made, 
as is given in the table below: 

'I'ABUKi 7 


Type of Kduca- 
turn 

No. to be 
catered for 
the end class 
in hundreds 

692 

1 

No. of insiiiu- 
tions required 
at an average 
of 30 students 
in the end 
class 

Type of 
instil iithvi 

General 

(elementary) 

2,307 

A type. 

General (Matric) 

373 

1,240 

B type general 

Commercial „ 

163 

543 

Commercial B 

Technical „ 

18 

60 

Technical B, 


The number of persons rctiuircd for vocations 
demanding higher education has been given in 
column 2 of table 0. 'fhis number comi>rises of all 
grades of l.'niversity education from Jiiteriiietliate to 
the higher degree examination. 

The statistical division of this different grades 
of higher education has not been attempted liere as 
the main object was to determine the reijuiremeiits 
of the Secondary education. Incidentally, however, 
the statistics so far collected enable us to determine 
the number of Intermediate Arts Colleges or e<|ui va- 
lent Technical Schools as shown in Table S. 


'fABUE 8 


I 


Type of 
Education 


(ieiicral 


No. to be 
catered for 


8,350 


t'ominercial .. I 1,602 

I 

Technical .. | 384 


No. of histilu- 
lion required 
at an average 
of I Of) in the 
class 


Type of 
institution 


84 InLennctliate 

Arts College 
16 Commercial 

College 

4 Technical 

College 


Conclusion 


The analysis given above with all the limita- 
tions of imperfect 'data shows that the present needs 
of Bengal may be w^ell served by having about 2,3o«.) 
elementary schools of type A imparting education 
up to the standard now reached in Class VII of high 
schools and 1,240 high schools of the General B type 
teaching Class VTII to the Matric Standard and these 
are to be supplemented by 540 high schools of B type 
giving a commercial bias and 60 similar technical 
schools. These 1,840 high schools are to feed 84 
Arts, 16 Commercial and 4 Technical Colleges giving 
education up to the Internicdiale Standard of the 
University. As after the elementary stage a branch- 
ing into different types appear to be necessary from 
vocational considerations, the completion of the 
elementary stage should be marked by holding some 
sort of a distinctive examination cither uinlcr the 
control of the University or of a separate Board as 
may be found convenient. This practically means a 
revival of the M. E. Schools but with this important 
modification that they should no longer enter as an 
alternative to the earlier classes of H. E. Schools as 
they used to do in the past but they should form an 
integral part of the school education and their final 
examination has to be passed in order to ijualify for 
high school education. So far as general education 
is concerned the elementary schools of type A and 
the high schools of type B may be hous^ together 
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for the sake nf economy more i»articiilarly in towns 
and snb-divisions and in progressive villages. Hut 
elsewhere only the lower type of schools need he 
maintained. This will not only reduce the total cost 
hut will also offer distinct advantages to villagers in 
being able to receive their education at centres nearer 
to homes. 

As the analysis has been made on the figures of 
1931 Census when the pojmlation was 4*5 crores, with 
the increase in population by nearly 25% as revealed 
ill the 1941 Census, there must have been a pro-rata 
increase in the number of employments and the 
figures arrived at in the present analysis must also 
receive corresponding increase. That is to say, the 
total number of elementary schools of type A should 
be about 2,850 and that of type B general 1,500, 
type B commercial 650 and type B technical 75. 

It must also be distinctly understood that though 


the present scheme may suffice to serve the present 
needs of Bengal, a five yearly revision of the scheme 
v\‘ill have to be made in order to satisfy the growing 
demands of the post-war reconstruction period in 
w hich an Agricultural India is bound to be graduall>‘ 
transformed if not to an Industrial India but to an 
India in which industrial and commercial develop- 
ments will certainly be more marked tlian develop- 
ments in any other direction. Education in a pro- 
gre.ssive country will always be dynamic in character 
and the static feature which forms the basis of the 
present analysis can at best represent the condition 
of things for a limited number of years. For more 
careful planning better statistics arc also needed and 
Census authorities will certainly render a great ser- 
vice if they care to publish the figures of iiersous 
having different standards of education along with 
employment figures in different vocations. 


motes anb mews 


NATIONAL CHEMICAL LABORATORY 

Thk Cotiunittee of the Council of Scientific and 
Indastrial Research appointed to draw up a scheme 
for tlie establishment of the proposed National 
Chemical Laboratory for India has recently sub- 
mitted its report which is now released for publica- 
tion U) invite public opinion and criticism. The 
National Chemical Laboratory, as we find from the 
report, will be established much after the fashion of 
the chemical research laboratories in Teddington 
under the Department of Scientific and Industrial 
Kcsearch, England. While fundamental research 
will form an imix)rtant part of its prograniiiic, greater 
emphasis will be laid on industrial research and the 
developtnent of new processes up to the pilot plant 
stage. Such researches will doubtless be of direct 
help to chemical and other industries now' badly in 
need of such investigations. Facilities for research 
up to the pilot plant stage are at present hardly avail- 
able wdth the result that a process succe.ssfully 
developed in a laboratory often proves a failure 
when worked out on a large scale. With the 
establishment of the National Chemical Lalioratory 
such uncertainties will largely cease to exist and the 
manufacturers may be encouraged to undertake with 
greater confidence the commercial development of 
new processes. The laboratory will further maintain 


the closest co-operation with the laboratc^ries of tlit* 
universities or other institutions under private 01 
seini-Government management. 

It is proposed that the Laboratory should ni 
present provide accommodation and facilities for Uk* 
following main branches of chemistry : inorganic 
chemistry including analytical investigations, organic 
chemistry including drugs and chemotherapy, physi- 
cal chemistry including high-pressure technique and 
electro-chemistry, biochemistry including biological 
products, and chemical engineering. When facilities 
for investigations in these brandies will be created, 
it will be pos:ible, the report states, to deal with raw- 
materials and problems relating to a number of indus- 
tries, such as heavy chemicals (acids, alkali, salts, 
etc.), minerals, fertilizers, organic and inorganic 
chemicals including solvents, pharmaceuticals and 
food, fermentation and biological products, resins and 
plastics, paints, pigments, lacquers and varnishes, 
oils, fats, soaps and lubricants, essential oils, leather 
and adhesives, rubber, petroleum, and electro- 
chemical industries. It is suggested that provisions 
for work shops and pilot plant equipment should be 
satisfactory enough to enable the lab^atory to under- 
take ordinarily any tjrpe of industrial research. 

The fact that the first step represented by the 
drawing up of the scheme for the establishment of 
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the National Chemical I^aboratory has now been con- 
cluded is an encouraging news. But we arc 
disappointed to learn that the actual establishment of 
the Laboratory will not take place until after the w ur. 
The establishment of the National Chemical Labora- 
tory and similar central laboratories, such as the 
National Physical Laboratory, the National Metal- 
lurgical Laboratory, the Central Fuel Research 
Station and the Central Glass and Silicates Research 
Institute, as we have repeatedly stressed, is an 
immediate and urgent necessity. Substantial indus- 
trial development of this country will not be possible 
so long as these central institutes of research do not 
come into being and start work. Deferring the esta- 
blishment of these laboratories means i)Ostponcment 
of the urgent industrial development of India which 
we can only accept at our own peril. Schemes are 
being framed, adopted and translated into practice 
in father countries, as the war is in progress, for the 
intensive development of industries as a measure of 
national prei)arednc.ss during this war and more parti- 
c\ilarly for the i)ost-war period. There is danger in 
delay when other nations arc planning not only for 
the consolidation of home markets but for the capture 
and maintenance of foreign markets, and as such the 
execution of the scheme, wc strongly feel, should be 
imdertaken here and now. 


INDIAN PHARMACOPOEIA 

'I'uK recent decision of the Government of India 
to pulilisli an Indian IMiarmacopoeia is a welcome 
news. The (•oveninienl have asked the Drugs Teclini- 
eal Advisory Hoard to prepare the material for a list 
nf drugs ill use in India and to recommend standards 
and tests with which to establish Ihcir uniformity, 
iileiitity and purity. These drugs, although not iii- 
elnded in the British Pharmacopoeia, arc of sufficient 
medicinal value to justify their inclusion in an official 
pharmacopoeia. The list, when aj ‘proved, will be 
known as the Indian Pliariiiacoiioeial List and will 
constitute the official Indian Supplement to the Hritish 
Pharmacopoeia. 

Considerable material is available as a result of 
die indigenous drug enquiry w'hich has been in pro- 
gress for a number of years under the direction of 
ht.-Col. Sir R. N. Chopra. Any further investiga- 
tion that may be necessary to determine the standards 
to he laid down can be carrietl out at the Bio-Cheniical 
Standardization Laboratory or, by jirrangeinent, at 
other Government laboratories. A Committee, with 
Sir R. N. Chopra as the Chairman, has been set up 
to examine the material for the list and report to the 
hoard and includes the following members : Dr P. 
J^utembiah, Dr R. N. Pra.sad, Dr B. B. Dikshit, 
^ A. K. vSen, Mr. S. N. Bal, Mr M. L. SchrufT, 


Dr Sudhamoy Ghosh, Dr B. N. Ghosh, Dr B, Mukerji 
and Secretary, Drugs Technical Advisory Boanl. 

THE VALUE OF RESEARCH IN PURE SCIENCE 

L,\.st year there was published a biography of the 
late Sir J. J. Thomson, written by Lord Rayleigh.* 
it is a ])ook that every research student should read. 
At the present lime, when the (picstion of organizing 
scientific research in India is receiving so much atten- 
tion, the following i|uotatioii from Lord Rayleigh's 
biography is well worth reproducing. It relates to an 
occasion in 1916 when Sir J. J. Thomson, as President 
of the Royal vSociety, headed a detmtation which was 
received by Lord Crewe who was then Lord President 
of the Council. Sir J. J. Thomson delivered a speech 
which seems to have made a considerable imjiression. 
The mOvSt significant part of it was as follows :-- 

shall, this morning, look on research in pure 
st'ience from a frankly utilitarian point of view, not 
because I think it is the only, or even tlie most im- 
portant aspect of the (jnestion, but because it is the 
a.specl which must, quite legitimately, apjieal most 
forcibly to the ftovcrnnient res])onsiblc for the male- 
rial welfare of the country. 

“By research in pure .science f mean resean'h made 
without any idea of apt>licatioii to industrial matters 
hwt solely with the view of extending our knowledge 
of the I.aws of Nature. I will give just one example 
of the ‘utility* of this kind of research, one tliat has 
been brought into great prominence by the war— I 
mean the use of X-rays in surgery. Now, not to 
sjieak of what is beyond money value, the saving of 
pain, or, it may be, of life to the wounded, and of 
hitter grief to those who loved them, the benefit w'hicli 
the Stale has derived from the restoration of so many 
to life and limb, able to render services which would 
»»therwisc have been lost, is almost incalculable. Now, 
how was this method discovered? It was not the 
result of a research in applied science starting to find 
an improved method of locating bullet wounds. This 
might have led to improved probes, but we cannot 
imagine it leading to the discovery of the X-rays. 
No, this iiKlliod is due to an investigation in pure 
science, made with the object of discovering what 
is the nature of Flectricity. The experiments which 
led to this discovery seemed to be as remote from 
‘hiinianislic interest* — to u.sc a much misapriropriated 
word' as anything that could well be imagined. The 
apparatus consisted of glass vessels from which the 
last drops of air had been sucked, and which emitted 
a weird greenish light when stimulated by formidable 
looking instruments called induction coils. Near by, 
l>erhaps, were great coils of wire and iron built up 

* The I.ife of Sir J. J. Thoni5»oti, by T/rnl Rayleigh, 
i'anihriilge rinversity Press, 1943. 
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into clectro-maw:nets. 1 know well the impression it 
inatle on the avera^^c spectator, for 1 have been 
occupied in cxepriineiits of this kind nearly all siiy 
life, notwithstanclinj[>: the advice, given in perfect 
good faith, by non-scientific visitors to the lalwratory, 
to put that aside and spend my lime on something 
useful. 

“This example illustrates the difference in the 
effects which may be produced by research in pure 
«)!■ applied science. A research on the lines of applietl 
Mueiice would doubtless have led to improvement and 
development of the older methods — the research in 
pure science has given us an entirely new and much 
more powerful method. In fact, research in applied 
science leads to reforms, research in pure science 
leads to revolutions, and revolutions, whether i>oliti- 
cal or industrial, are exceedingly i)rofitable things if 
you are on the winning side. 

“Cl ranting the importance of this pioneering re- 
search, how can it best lx; promoted ? The method of 
direct endowment will not work, for if you pay a man 
a salary for <loing research, he and you will want to 
have something to point to at the end of the year to 
slu)w that the money has not been wasted. In pro- 
mising work of the highest class, however, results do 
not come in this regular fashion, in fact years may 
pass without any tangible results being obtained, and 
the position of the paid worker wwild be very em- 
barrassing and he would naturally take to work on 
a lower, or at any rate a different plane where he 
could be sure of getting year by year tangible results 
which would justify his salary. The imsition is this : 
You want this kind of research, but if you pay a 
man to do it, it will drive him to research of a 
different kind. The only thing to do is to pay him 
for doing something else and give him enough leisure 
to do research for the love of it. Now this kind of 
research has been done in the past and wHll, I think, 
for some time to come continue to be done mainly 
in the Universities ; and the best way to promote it 
would be to ensure that University teachers have 
leisure and opportunities for research, and that their 
salaries arc not so low that they have to spend all 
their spare titne in examining, if they arc to earn 
enough to live upon. These men, however, require 
lal)oratorics as w-ell as leisure, and one of the results 
of this progress of Science has been to make labora- 
tory e(]uipiiient and apparatus far more costly than 
was the ca.se a generation ago. Our Universities, as 
no one knows better than you, my Lord, suffer from 
an ‘eternal lack of pence* and have not always at 
their command the funds necessary for the proper 
equipment of their laboratories. Money could be 
well spent in helping them to do this. There are 
other laboratories besides tho.se at the I'niversities 
which are hampered by lack of funds. The National 


Physical Laboratory cannot afford to pay adequate 
salaries to its assistants, with the result that many 
liighly trained men have left or are on the point of 
leaving to take more highly paid posts with private 
firms. 

“The amount required to as.sist research in pure 
.science is but small in comparison with that required 
for industrial research— the modesty of its require- 
ments puts it in some danger of being overlooked 
altogether. In farming the cost of the seed is not a 
very considerable item in the cost of the production 
of crops. Hut pure science is the seed of applied 
science, and to neglect it would be on a {jar with the 
action of the farmer w'ho spent large sums on plough- 
ing and manuring his land and then omitted to sow 
the seed.** 


THE INDIAN PHILOSOPHICAL CONGRESS 

Thk Eighteeiilh Session of the Indian Philosophi- 
cal Congress w’as held at I^ahore on the 20th, 21st, 
22nd and 23rd of December, it)43. The Congress was 
opened by the Hon*ble Sir Manohar Lai, Finance 
Minister, Punjab. Professor P. N. Srinivavsacliari, 
President of the Session, delivered his address 
in wdiich he surveyed the progress made in the several 
branches f)f Philosoidiy and indicated lines on which 
fresh developments could be effected with synthesis 
as the guiding principle. On the 22nd and 23rd the 
Congress sat in its different sections and papers on 
a variety of subjects were presented for discussion. 
On the 2ist there was a .symposium on ‘Has Philo- 
sophy a Method of its Ow n and on the 23rd another 
on ‘Is Peauty Subjective or Objective?* Each dav 
of the Session concluded w'ith a public lecture. Pro- 
fessor A. K. W’adia sjxike on “Sociology as Apidied 
Philosophy**, Kwaja Ab'lul Hamid on ‘Iqbal— or the 
Ego as a Creative Being*, Prof. P. N. Srinivasachari 
011“ The vSoul of India** and Dr. B. L. Atreya on 
“P.sychological Research and its Bearing on Philo- 
sophy.** 

At the Oeneral Body Meeting held on 23n1 
Deccinljcr with Rajasevasakta A. R. Wadia in the 
chair, resolutions were pas.sed recording the deep 
sorrow' of llie Congress at the premature demise of 
Mr. S. S. Suryanarayaiia Sastri who had been the 
secretary of the Congress for several years, and of 
Mr K. R. Sreeniva.sa Iyengar who had also rendered 
distinguished services to the Congress. It w^as further 
resfdved to perpetuate the memory of the late Mr S. v^. 
Suryanarayana Sastri by the institution of a priste 
which will be awarded every year for the best essay 
on a prescribed philosophical subject written by a 
.student of philosophy of an Indian University, 
Executive Committee has been authorized to take 
steps towards collecting donations for this purpose 
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from the members of the Indian Philosophical Con- 
gress and' other friends and admirers of the late 
Mr Sastri. 


POST-WAR FOREST PLAN FOR INDIA 

A post-war plan for forestry aiming at increasing 
the area under forest to about 20 to 25 per cent of land 
in each Province and State is suggested in a note pre- 
pared by Sir Herbert Howard, Inspector General of 
Forests, for the consideration of the Reconstniction 
Committee on Agriculture, Forestry and Fisheries. 
This percentage of forest land is commended as 
appropriate in the interests of proper land manage- 
ment to control floods and erosion and to secure a 
very desirable measure of afforestation of the dry 
belt in the west. Secondly, this would provide the 
necessary timber and fuel for the ordinary agricul- 
tural village consumer both to supply his direct A-ants 
in the matter of small timber and at the same time to 
release cowdung for manure. 

Sir Herbert emphasizes the importance of the 
provision of timber and fuel for the village consumer. 
At present, he says, there are niiiiierous areas devoid 
of forest where the wants of the ordinary agricultur.il 
villager remain entirely or almost entirely unfulfilled, 
'rile plan visualizes the creation of another 100,000 
siiuare miles of forests in British India. At present 
only to6,ooo sipiarc miles of land is dedicated to 
forests which represent something like 13 per cent of 
the total area of Briti.sh India. 

Even ill Provinces where the jirobleiii of supply- 
ing the agricultural village consumer with his timber 
and fuel is most acute, it is stated that there are 
great possibilities of inereasing the area under forests 
lo supply these particular wants. Also that area may 
he properly distributed throughout the province so 
that every agricultural village has its neighbouring 
minor forest. These minor forests would be under 
quite short rotations of 15 to 20 years and the first 
return of fuel should come from thiuiiings within five 
years of formation. At present in the Provinces of 
Northern India the forests generally occupy only a 
narrow strip along the Himalayas. 

One of the chief reasons for the destruction of 
forests over large portions of India and the preven- 
tion of re-afforcstation and regeneration. Sir Herlicrt 
Howard says, is the excessive grazing which takes 
place over such large areas. Grazing, he suggests, 
must be regulated while the tree crops are being esta- 
blished. If grazing is regulated, the areas ivill give a 
far greater weight of grass in a few years than they 
ever produced while being continually grazed. 

Sir Herbert endorses the existing forest policy 
that areas necessary for the preservation of the 


general climatic and physical conditions of the 
country must be kept as forest and that the minimum 
amount of forest necessary for the general well-being 
of the country must be jireserved or created. He 
suggests that the working iilan position should be 
examined immediately after the war and steps taken 
to rectify over-felling which, though not excessive as 
a total, has been sufficiently concentrated to upset 
existing plans of niauagcmcnt. In some Provinces 
fresh working plans can be made immediately, 
whereas in others it may be necessary to start with 
rough working schemes to be converted into proper 
working plans at leisure. 

Proper cla.ssificatioii of the land is reconiniended 
and it is stated that a very large proportion of the 
problem in India is afforestation where possible and 
proper control of grazing where afforestation is im- 
l)0ssible. Proper control of grazing will make affores- 
tation unnecessary over large areas where control 
alone will allow nature to re-establish forest. 

It is recoiiimeiidcd that the problem of floods, 
erosion and desiccation should be dealt with together 
under the Forest Department in close liaison with 
agriciillural and irrigation officers. A small Recon- 
struction Forest Policy Conniiitteo should be set up 
ill each Province lo draw nj) their own programme. 
Heads of these Committees slioiild meet together 
so that comnion problems can be discussed and 
brought into a similar plan for each province. 

The note also deals with the organization of 
Forest Research and the future of F'orcst Education. 


CENTRAL SERICULTURAL RESEARCH STATION 
IN INDIA 

The Central Sericultural Research Station, long 
under contemplation, has now been cstablislu^ for 
the benefit of the Sericultural Industry in India as a 
whole, with the main station located at Berlianipore 
and the sub-station at Kaliiiipong, both in Bengal. 
In general, its function will be the iniprovcinsnt and 
development of all stages of the industry up lo cocoon 
liroductioii, and with this end in view the following 
research programme has been provisionally laid 
down : — 

(A) Mulberry. 

(1) Collection of all varieties of mulberry 
found ill India as well as varieties from foreign 
countries and growing them side by side for the 
purjxisc of comparative study. 

(2) Botanical classification of the varieties 
into well-defined types. 
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(3) Study of the various types regarding— 

(/) Growth in relation to soil and climate, 

\ii) Piiddiug season, 

[Hi] Leaf yield, 

(h) Food value of leaf for the silk worm, 

(v) Response to manures, . 

(vi) Susceptibility and resistance to dis- 

eases and pests, 

(v/i) Suitability for use as stock or scion 
in grafting. 

(4) Trial of types considered suitable in the 
hills and the plains as well as in the different 
sericultural areas in India. 

(5) Supply of parent stock to the various 
Sericultural Departments all over India with a 
view to helping them to arrange for local produc- 
tion on a scale sufllcient to meet their own 
demands. 

<ll) Silk ll^onns. 

(1) Trial and scleclion of univollinc races of 
worms collected from different countries with a 
view to obtaining races suitable for being reared 
in Kashmir, Jammu, the Punjab, Kalimpong, 
Khasi Hills and similar hilly regions elsewhere. 

(2) Trial and selection of univoltine races 
suitable for use in production of first generation 
crosses as at present practised in Madras and 
Mysore. 

(3) Production of improved fi.xcd multi vol- 
tine races through hybridization (such as the 
Nistid and Xisiiio races .successfully produced 
and established in llengal) and further improve- 
ment of such races through infusion of more un- 
ivoltine blood. 

(4) Maintenance of the races obtained as a 
result of work under (i), (2) and (3) above. 

(5) Supply of parent stocks of worms to 
different Sericultural Departments in India. 
(Thereafter it will be their responsibility to mul- 
tiply the slocks and arrange for production of 
seed on a scale sufficient for supplying the local 
rearers). 

(C) Rearing of Silk Worm. 

( ) Investigation of response to different 
types of mulberry used as food. 

(2) Investigation of response to different 
climatic conditions in the hills and plains. 

(3) Trials to determine how more than one 
crop of univoltine cocoons can be reared during 
the year in places like Kashmir, Kalimpong, 
Khasi Hills, etc., as has been done in Japan. 


(4) Study of the relationship of the deficiency 
in food value of the leaf with diseases of silk 
worms. 

(5) Study of conditions which contribute to 
or prevent the occurrence of diseases in worms 
under rearing. 

(6) Production of cocoons with large silk 
content and highest reeling property without loss 
of worms through diseases brought about by 
physiological derangements owing to climatic in- 
fluences or defects and deficiencies of food or 
through diseases caused by infection and para- 
sites. 

Furthermore, facilities have been provided for 
training a few science graduates in higher sericul- 
ture. They will have an opportunity of practical 
acquaintance with all operations in the silk industry 
subscfiuent to cocoon production, viz., reeling, testing 
of raw silk and silk fabric manufacturing processes 
in the various filatures in the District, at the Peddie 
Silk Reeling Institute, Malda, at the Silk Conditioning 
House at Calcutta, and in the Bengal Silk Techno- 
logical Institute. 


ANNOUNCEMENT 

Wiv arc glad to inform that Mr. Alamohau Dass 
has become a Patron of the Association by donating 
a sum of Rs. 1,000/- to the funds of the As.sociatioii. 

Further, our thanks arc due to the reiiuted firm 
of Messrs II. Datta & Sons Ltd. who have kindly 
consented to become a Patron of the Association and 
have already placed at our disposal a sum of 
Rs. 500/-, being a part of their contribution. 
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PLASTICS TO REPLACE RUBBER 

Clayton V. Rukbhnsaal and Farl II. Sorg, of 
the Martin Plastics Research Laboratory, have 
developed, according to a report of the Scientific 
American, February i944i a new elasto-plastic, 
known as Marvinol. The new plastic, though neither 
a synthetic rubber nor a rubber substitute, bids fair 
to replace rubber in the manufacture of several pro- 
ducts in which rubber is at present exclusively used. 
It has already proved superior to rubber, both natural 
and synthetic, for the manufacture of automobile 
inner tubes, elastic gloves for home, hospital, and 
laboratory use, and many general and industrial uses. 

Marvinol is a vinyl-type plastic. It has almost 
all the important properties of a plastic, .such as its 
thermo-plastic nature, superior abrasion resistance, 
and ability to withstand constant flexing without 
fatigue and impermeability to gases and lirpiids. 
Furthermore, unlike common vinyl plastics, Marvinol 
is stable ip the presence of strong sun-light and at 
kigh temperatures and is unaffected by dilute acid or 
alkaline solutions. This stability at high tempera- 
tures and in the presence of acid and alkaline solu- 
tions has been made possible through the use of a 
non-extractable plasticizer in the compound. In fact, 


this plasticizer has enabled the new plastic to retain 
its elasticity, resiliency and flexibility, properties for 
which its use in idace of rubber has now been so 
eagerly suggested. Marvinol has an important 
advantage over rubber in that it has no tendency to 
oxidize or age, and that cent per cent of the material 
is reclaimablc. 

The usual .standard rubber working machinery 
can be emf)Io3x*d to jirocess the new material. 
Marvinol stocks can be coinpounded and mixed on 
regular open rubber mills, and extruded, moulded 
and calendered on the same machines as arc used in 
dealing with rubber. The oi)eralion of viilcani/atinn 
is, liowever, completely done away with in using the 
new plastic for the manufacture of rubbcr-Iikc goods. 

Marvinol has not only jn'oved a better material 
to manufacture rubher-like goods with, but has 
successfully bridged many gaps hitherto not filled by 
synthetic rubbers. The i>roduct has ]>roved specially 
successful in the manufacture of inner tubes, gloves 
for surgical, laboratory and household use and a 
number of articles for air-craft use. Nipples for 
nursing bottles, moulded goods, fountain pen sacks 
which ink will not stain or adhere to, bulbs for eye- 
droppers, hot water bottles, soles, heels, and pencil 
erasers are also reported to be made of ^larvinol. 
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Meanwhile. Resistoflex Corporation, according 
to the same paper, has developed another synthetic 
plastic which is destined to be of great use in the 
air-craft industry. The air-craft industry is now 
greatly in need of a suitable flexible material which 
can handle aviation fuels, such as toluol, xylol and 
benzol. The failure of rubber to handle these avia- 
tion fuels has led to the development of a series of 
‘campar* plastics which have been described as 
‘transparent, flexible, rubber-like plastic materials, 5 
to 20 times more wear-resistant than natural rubber, 
and the most solvent-proof rubber substitute yet 
developed*. 

SOYABEAN FIBRE PLANT 

Oni^y a few months ago i)roduction of fibre from 
soyabean was no more than a laboratory curiosity. 
The erection of the first soyabean fibre plant at 
Cincinnati by the Drackett Co., as rei)orted in 
Chemical and Engineering News, is a clear indication 
that the method of making fibre from soyabean has 
passed the lalioratory stage and lent itself to produc- 
tion on a commercial scale. 

The i)roccss involved in the production of soya- 
bean fibre may be briefly stated. Soyabean oil is first 
extracted from soyabean by a method developed 
several years ago, leaving the soyabean meal which 
is largely u.sed for livestock feed. This meal con- 
tains as much as 50 per cent protein. Rccpiired 
amounts of protein are then extracted from the meal 
to give a powder-like product which is liiiuitied and 
converted into a mass of the consistency of molasses. 
The litiuid is subjected to a great pressure and made 
to pass through very fine platinum spinnerets to 
emerge in the form of hundreds of thin filaments. 
These filaments are then chemically treated and at 
the same time stretched and hardened. Finally the 
fibres are dried and cut into desired lengths. 

The .soyabean fibre thus preiiared is reported to 
be resilient, strong, durable and as warm as wool. 
It can be made either moisture-absorbent or moisture- 
resistant. The fibre may be used singly to lie woven 
or spun into fabrics or may be blended with cotton 
or wool. Blankets, fell hats, underwear, hosiery, 
suitings and upholstery fabrics have already been 
made of soyabean fibre with success. Conspicuous 
as these initial succe.sses are, further technical .study 
of this new fibre and of new and more efficient manu- 
facturing procc.sses as well as of pfdential new ii.scs 
is iiece.ssary and is in progre.ss. 

TITANIUM 

Untii, recently titanium used to be listed among 
the uiiiniportaiit and least useful elements. In an 
all-out drive for the fullest utilization of world’s 


mineral resources, rare and unimixirtant elements of 
yesterday are becoming indispensable today. Such 
has happened in the case of titanium who.se increasing 
uses in peace as well as in war have brought this 
.so-called rare element to the lime-light. In an 
article in Discovery, December 1943, Dr J. Chatt has 
summarized the various uses to which the metal has 
licen applicsl during recent years. 

Though often referred to as a rare element, 
perhaps because of its rare uses, titanium is, in fact, 
one of the commonest and most abundant of elements 
constituting the earth’s crust. The available supply 
of titanium far exceeds that of sulphur, carbon and 
chlorine and is about four times as great as the 
world’s combined supply of chromium, copjier, lead, 
manganese, mercury, nickel, tin and zinc. As a 
matter of fact, next to aluminium and iron it is the 
most abundant metal known. The metal is distri- 
buted in several parts of the w*orld in the form of 
ores, of which the most important are ilmenilo 
(ferrous tilanate) and rutile (titanium oxide). Bui 
large quantities of ores rich in tilaninm are rarely to 
be met with. India (Travancorc) occupie.s the Iciid- 
iug iiosition among the titanium producing countries 
which iuchide Norway, Sweden, Portugal, Canailu, 
South Australia, I^Ialaya, Senegal, Brazil, U. S. A., 
and U. S. S. R.. World production of lilaniuiii, 
excluding U. S. A. and U. S. S. R. which have iioi 
published production figures, amounted to 43,600 
Ions in 1931 and 264,000 tons in 1937, indicaliiij^ 
the growing inii)ortaiice of the metal. In 193S, 
Travancore alone produced 252,220 tons. 

Titanium as a metal is not so valualflc. Bui it 
forms important alloys with iron, aliiminium aud 
other metals. Alloyed W'itli titanium steel develops 
great strength and resistance to abrasion. The gi\.:il 
affinity of titanium for nitrogen and oxygen is ofltn 
utilized in removing these harmful impurities from 
molten steel. All aluminium alloys are said to ])c 
improved by small amounts of titanium. Titanium 
dioxide is the ino.st important of titanium compounds 
and has leceived several important applications. 
Rutile, the naturally occurring dioxide, is employed 
ill electric welding. The pure dioxide obtained 
from ilmeiiitc is used as a pigment, known as titanium 
white, and also in paints, enamels, lacquers, and 
glazes. It has better covering capacity which e.x- 
ceeds that of white lead, and is further non-poisonoiis 
and, unlike white lead, not blackened bj* traces of 
hydrogen sulphide in air. The high refractive index 
of titanium dioxide has recommended its use in 
paper making to prevent printer’s ink showing 
through. In small amounts, it is used in rayon, 
rubber, linoleum, plastic.s, leather, soap, 
I)owders, face creams, tooth pastes, etc., wdierc 
opacity is required to be developed. 



June, 1944 


SCIENCE IN INDUSTRY 


637 


Titanium dioxide has a high dielectric constant 
with the advantage of low dielectric loss. It has 
already been used in the manufacture of insulators, 
and particular mention may be made of magnesium 
titanate which is now employed as the dielectric in 
high frec|uency coiidcuscrs. 

Other titanium compounds have also formed 
useful apxdications in textile and leather industries. 
The compounds are used as mordants for dying 
fabrics. Potassium titanium oxalate stains leather to 
various shades of brown and produces a less brittle 


product than when iron salts arc used. The ability 
of titanium tetrachloride, a strongly fuming liquid, 
to produce dense smoke screens has made it an 
important war chemical. It is reported that in iqi8, 
in connection with the last Great War, lOo tons of 
titanium were alone used for the i)roduction of 
titanium tetrachloride. 

If titanium is little known today despite its 
various and growing uses, it is because none of its 
uses has so far proved spectacular enough to attract 
wides]>read attention. 


RISE AND DECAY OF THE INDIGO INDUSTRY IN INDIA 

A. K. GHOSir. 

IK)TA.NY DKPARTMfiNT, CALCUTTA UKIVKKSITV. 

{Continued from the last issue) 


Extraction of Indigo — Drv Prcx:g.s.s 

In Madras the dry leaf process of indigo manu- 
facture is still pursued to a limited extent. During 
the first century of the industry as fostered by the 
Past India Company, the dry process was universally 
adopted. It was even upheld that to that fact was 
attributable the high merit of the Indian as compared 
with other indigocs. During the second century, 
wlicii the industry had been carried from the West 
Indies back to India (Bengal), the wet process alone 
was employed. 

In the dry method the bundles of freshly cut 
]>lants arc dried and the leaves separated from the 
stem by beating. When kept dry the leaves undergo 
a great change in the course of a few weeks, their 
green tint turning into a pale blue-grey colour. They 
are then subjected to steeping and fermentation and 
allowed to macerate for a hours when the indican 
present in the plant splits through hydrolysis into 
indigotin and indiglucin. The fine green liquor is 
then drawn off into the beating vat, when the matured 
indigo is precipitated and subsequently concentrated 
by boiling and compressed into cakes and dried in 
the usual way. Dry system of indigo manufacture 
have distinct advantages. For a small iiianiifacturer 
it has great advantage of being attended to at the 
most convenient time and the indigo may be more 
uniformly made. Moreover the fermentation process 
in the case of fresh leaves is here supersctled by a 
much shorter period of simple maceration (Watt 190S). 


indigo (Sec p. 493)* The equation representing the 
reaction is as follows; — 

Cli C CO. CII C C(OH) 


Hcy\ 






HC\/\/CH 
CH C NH 
Indican 

CH C C(OH) 
HC^_ 


II 

Glucose 

. wv 


CII C Nil 
Indoxyl 


HCX/\/CII 
CH C NH 
Indoxyl 

CHC CO 


• O, 


__ - C CH 

N OC /XCH 

Jc==.ci I 

^\/V^CH 


HCl 


CH C NH NH C CM 


vSyntiirtic Indi('.o 

The mclhod that has proved a commercial success 
has at its starting point a reaction discovered by 
Heumann in itSgo. (See p. 490). 


Chhmistry of Indigo The starting material in Heumann*s s^'uthesis of 

Indican occurring in the leaves, when hydroly.sed indigo is naphthalene (CioHg). Ihis is first converted 
yields glucose and indoxyl. The latter is oxidised to into phthalic acid by oxidation with sulphuric acid in 

4a 
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the presence of nicrcnric siiljihate which acts as a 
catalyser : 


CHC CII 
HC.^/\CH 

I I I 

hc'V'N^cii 
CH C CH 


CH 

nc^c.cooH 
^ I II + 2 COa + H,0 
I C.COOH 
HCV" 

CH 


Naplillinlenc 


I’htlialic Ai-itl 


Tlic anhydride of this acid, when heated in a 
current of dry aniinoiiia yields phthaliinide : 


.CO. /COv 

C.H 4 < >0 + NH, ^ C«H 4 < >NH + 11,0 


riilhnlic .'iiiliytlrule 


IMUlialiinitle 


Plithaliiiiide is then wanned with bromine and 
l)Otnssiuiii hydroxide. The alkali hydrolyses the 
phthalimide, yielding phthalaniinic acid, which subse- 
<iuently by the action of bromine and potassium 
hydroxide is converted into aiithranilic acid. 


+ H 2 O 



Plitlinlimide 


yCONlIa 
I’litlmlnminic .'u?itl 


/ 


CONIL 


Hllr, 




COOH 

I’lithiilainmir aci»l 


.CON HHr 
C.HX - 

Voon 


KOH 


Tiiteniu-ilinle ^irothicts 


C.H. 


/ 


I H,0 

CDX /XH, 

t ^ c.h/ 

^COOH 'COOH 

Aiithranilic acid 


yCOOH -H,0 

C.H4< 

'NH.CHj.COOH 

I'henylglyciiic-o-Carljoxylic acid 


/ Co V -COj . Co V 

C.H 4 < >CH.C0()H >ch 


‘NH 

ludoxvlic acid 


NH-' 

riidoxyl 


The fused mass, containing indoxyl, is dissolved 
in water and a stream of air is passed through tlie 
alkaline li(]uid, when indigo-blue is precipitated 
(Compare preparation of natural indigo). 

Another synthesis carried out on a larger -.calc 
is as follows: Aniline is treated with inonochloro- 
acetic acid when phenyl-glycine is obtained. 

CH 

^‘^I^C.XH |n +C1jCH,.CO0H 

HC\/CH CH 

CH HC>vC.NH.CH-COOir 

- II ■ . HC, 

HC\/CH 

CH 

Aniline Phenylglycine 


Phenyl-glycine is fused with sodamidc at 180 ° l») 
240 ® when indoxyl is produced, which may be con- 
verted into indigo-blue as in the above .synthesis. 


CH 

HC>j;^C.NII.Cn..C(X)II 

I II 

hc%/ch 

CII 

Plieiiylglycine 

NaNHa 4 HaO — > 
Sodninide 


CHC 


lJC/\ C{OMl 

I + H,() 


HC'V'N/CH 
CH C Nil 

Indoxyl 


NH, + NaOH 


The aiithranilic acid is treated with chhiroacetic 
acid to obtain phcnyl-glycinc-o-carboxylic acid. 

This acid when fused with caustic polash yields 
indoxyl, indoxylic acid being formed as the inter- 
mediate product. 

yCOOII 

Q X 

'NH Ih + CI |ciI,.COOH -> 

Aiitliraiiilic acid Cliloroacelic acid 

yCOOH 

C.HX I- HCl 

^NH.CHa.C(X)H 
Phenylglycine-o-Carboxylic acid 


Artificiai. versus Naturai, Dyks 

When the colouring matter was derived chiefly 
from vegetable sources, the processes were lengthy 
and laborious and the results uncertain ; the use of 
imported synthetic dyes equally shortened and 
simplified operation and gave more certain results, 
thus enormously reducing the cost. 

Attempts made since the last Great War to re- 
place the synthetic dyes have apparently established 
the fact that vegetable dye-stuffs arc incapable of 
meeting the demands of the industry on its prc.sL*iU 
scale, and the change in taste brought about by the 
brighter synthetic dyes renders it difficult to find a 
market for the thinner and duller though perliaiw 
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more pleasing colours of vegetable origin. The quality 
of synthetic dye is inferior and the price is abiiornially 
low but it is easier to handle and apply and is used 
for i)Oorcr grades of cloth, when permanency is not 
essential. 

Natural indigo as extracted by the wet process 
consists of blue lump containing bo to 8o 
per cent of indigo blue or indigotin and small 
(luantitics of other colouring matters, such as indij^o 
red, indigo brown, indigo green, ‘indigo gelatin* and 
ash. These are to be regarded as impurities and may 
be removed by successive treatment with water, 
dilute acetic acid, caustic soda and alcohol. 

The artificial indigo of commerce iiianufaclured 
in the lladische Aniline Factory in Germany is almost 
pure indigotin containing no indigo red, indigo brown 
or indigo green, which is also a disadvantage as these 
substances have some beneficial efTects in dyeing. 
For silk, the natural indigo still i)roduces better re- 
sults than the synthetic substitute. But owing to 
better business methods, the synthetic product en- 
joyed a rajndly expanding market driving natural 
indigo from the places where it was least remunera- 
tive. 

One of the i)rincii)al disjulvaiitages under which 
natural indigo has to compete with the synthetic pro- 
duct is that the former is in the form of dry cakes 
which have to be converted into paste before being 
used for dyeing inirposcs, while the latter is sold as 
readily available paste. (Bancrjce iSgb ; Watson jgo;) 

Cafsks ok Tmuoo Crisis 

The crisis in the indigo trade has tints l)coii 
brought about in various ways : - 

(1) The quarrel between indigo jdanters and 
raiyats on the one hand and Zamindars on the other. 

(2) The extension of indigo cultivation in the 
t'. P., the Punjab and in Madras and the consequent 
competition which reduced the price to the lowest 
level. 

(3) The manufacture of the dye by a synthetic 
process in Germany. 

With regard to the unwillingness of cultivators 
to grow indigo, it is to be noted that the growing 
of the crop instead of impoverishing their land 
actually made it better suited for the growing of 
cereals and if indigo is cultivated on one-fourth or one- 
sixth of the cultivators* land in rotation, it would be 
of mutual advantage to the planter and the culti- 
vator. Further, indigo refuse is the manure most 
easily obtained and is very valuable as one of the 
l)est fertilisers. It is less suited for indigo it.self, than 
for rotation crops such as sugarcane, tobacco, iKjjipy, 
cereals and oil seeds. Indigo plants forced b>' indigo 


manure to very active growth gives a poor percentage 
of dye matter and is liable to injury from insect 
pests. (Mukherji 1923). 

Suggestion for the improvement of indigo indus- 
try, to effect a reduction in the cost price of 
indigo and thereby secure a profit to growers and 
manufacturers have been put forward from time to 
lime since the discovery of the synthetic dye. 

Sir ICdWARI) LAW*S RliDiMMKNDATIONS 

Sir Fdward Law (formerly Finance Member to 
the Government of India) in 1905, in view of the 
unfortunate falling off of the production of indigo 
suggested as follows : - 

(i) That the plantations should be placed on a 
sound financial basis, and cca.se to remain in a posi- 
tion where requirements for cash in seasons of dear 
money could only be satisfied by transfering profits 
from the pockets of the planters to those of the 
money-lenders, {2) Hconomy in managemejit, 
(3) Selection of seed and prf)i)agatif)ii of the qualities 
yielding the highe.st per t ent of indigotin and best 
suited to local conditions of climate and soil, (4) Rota- 
tion of croi)s to obtain good profits from the land 
when not under indigo and thereby reduce the cost 
of cultivation of the plant, and (5) Chemical im]>rove- 
ments in manufacture. 

Sir Cieorge Watt observeil “There would seem no 
doubt that each one of the conditions of impnivement 
indicated by Sir Edward are of vital importance and 
what is sure to the point, hardly any of them, have 
been succe.ssfully and completely investigated. “ 
(Watt 1908). 

Not much satisfactory t)rogress however followed 
the recommendations of Sir Edward and the indigo 
trade gradually declined as already ex])laincd before, 
till w’C come \o the period of the last Great War. 

I.NDIAN iNDir.STRIAI. COMMISSION’S RKCOMMKNDATIONS 

The Indian Industrial Commission, with Sir 
Thomas Holland, F.R.S., as its President, was 
appointed by the Government of India in 1916. The 
commission was instructed “to examine and report 
upon the possibilities of further industrial dcveloii- 
ment in India**, and they submitted in igiS, the 
following ways, neglected in the pa.st, that offer ])n)- 
spects of .success witli regard to the indigo industry 
in the future : - - 

( 1 ) The Aplylication of .Scientific Agriculture^-^ 
(a) the adoption, of phosphatic fertilisers and other 
improved mcthf)ds of soil treatment, (b) the breeding 
of plant varieties able to withstand the w’ilt disease, 
(f) the organisation of seed farms under suitable 



640 


SCIENCE AND CULTURE 


Vol. IX, No. 12 


climatic couditiotis outside iudip^o {^rowing districts. 
(d) the rotation of indigo with other crops of market- 
able value. 

(2) The Process of Manufacture . — (a) the recent 
recognilinii of 11 ic fact that the precipitation of indigo 
is essentially due to a fcrincnt, the cultivation of 
which uiulcr suitable conditions may permit of a 
great increase in yield, {b) the jircparation of a 
standardised product for the market. 

{^) The provision of improved financial facilities. 
TCvidence put before the Commission in Ihhar, left 
the impression that natural indigo, if cultivated and 
manufactured on scientific lines, offers prospects of 
great improvement, probably sufficient to enable it 
to hold its own in competition with synthetic indigo. 

It was further observed “Hy careful manageiiient 
under favourable financial conditions several planters 
have prospered, in spite of the absence hitherto of the 
advantages which the application of scientific agricul- 
ture might bring them and, though it is impossible to 
estimate the prices at which synthetic indigo will be 
placed with profit in future markets, there is no doubt 
that the i>rospect.s before the natural i)roduct are 
sufficient to justify e.\perimental work and enterprise 
in organisation along the lines indicated above.** 
(Hovt. publn. rgicS). 

Indi(;o CksvS 

“In 1918, by an act of the Imperial legi,slaturc an 
indigo cess was imposed at the rate of one rupee 
per ba/ar maund (of 82T*“fc lbs. avoirdupois) on all 
Indian indigo exported, tlie proceeds of the duty to 
be exi)ended by the Government of India, for 
scientific research work in connection with the culti- 
vation and manufacture of indigo, a corresponding 
cess being imposed on all exports from Travancore to 
ports outside British India or to Aden. The rate of 
cess was changed to Rs. 1/8/- per cwt. of 112 lbs. 
avoirdupois with effect from April i, 1921.** 

Since i860, there was a general export duty of 
I>cr cent ad valorem but the duty on indigo was 
remitted in 1880. 

“Investigations were conducted at the Pusa 
Research Institute by the Indigo Research Chemist to 
the Government of India but it was terminated and 
the cess abolished with effect from ist August, 1923. 
In T922-23 the cess yielded £5^^, and in the four 
months from April to July, 1923, ;£2i2 only. At one 
time it was anticipated that the expeii.scs of the 
London Indigo Committee wdll also be met from the 
proceeds of this cess**. (vSaksena, 1937). 

RKa)MMttNI)ATn)NS OF Davis^ano Rkii) 

Davis, the Indigo Research Chemist to the 
Government of Iiub'a, while reviewing the position 


and future prospects of the natural indigo industry 
(1918) rejnarked “that very great improvements can 
be made** and “that the future of natural indigo is by 
no means a hopeless one provided stei)$ taken to 
realise such improvements as are clearly possible.*’ 
The fate of natural indigo will be determined by 
several factors each of which has its own special im- 
por lance. (Davis 1918). These are : 

(a) Iniprovcinent in Agriculture, (b) Improve- 
ments in methods of marketing the product, (c) Im- 
provements in actual manufacture, cither by chemical 
or bacterial means, (d) Improvements by botanical 
selection, (e) Improvements in business organisation. 

Reid in a paper on the “Ten years practical ex- 
l>erience of Java indigo in Bihar” (1917) indicated the 
lines on wdiich research w'ork would appear to give 
the best results. 

(a) The first and most important point is a supply 
of pure seed. If a full supply of seed was obtainable 
and the sowing rate increased, the result on the re- 
turn of finished indigo would be very marked. To 
grow Java indigo for seed would never give best re- 
sults ill Kihar, for the following reasons : — 

(f) the country is subjected to periodical flooding 
at the time when the seed plant must be in the 
ground. 

(ii) It is very doubtful whether any remedy will 
be found for diseases such as 'wilt* and ‘Psylla*. 

It was suggested that if a regular and full supply 
of Java seed is to be secured some other locality would 
have to be discovered for seed growing. 

( 5 ) the second line of research appears to be in- 
creasing the wilt resistance power of the plant by 
selection and after that is obtained, 

(c) research should be directed to improving the 
indicaii content of the k.if (Reid, 1917). 

The seed i)roblcm w'as acute in 1913 and the 
industry was in danger of extinction from this cause 
alone. The supplies had fallen low and insufficient 
for sowing while the price had reached a point which 
seriously reduced the margin of profit. 

According to Howard (1920) the solution of the 
problem of seed ])roduction was found to be in the 
growing of a .special seed crop and in obtaining the 
seed from most vigorous plants. 

Rkskarcii Work on Indigo 

A large amount of attention has been devoted in 
the past, both by Government and by the iilantcrs, 
to the improvement of tile indigo industry in Bihar. 
Investigations have been in progress since 189S with 
the object of increasing the yield of indigo per acre 
and thereby assisting the industry to meet the coin- 
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petition of synthetic product. Rawson, Bergthiel, 
Bloxam, Leake and Parnell carried on their investi- 
gations at Sirsiah Experimental Station which was 
closed in March, 1Q13. 

Bihar Planters* Association wisely decided lo 
close the station and asked the Imperial Government 
to continue the work which was transferred to the 
Botanical Section of the Pusa Institute. 

From the beginning of i8gS to the end of 1913 
the sum of was expended on indigo re.search 

work in Bihar. Of this large sum >£32,052 was con- 
tributed by Government and the remaining Xl22,i35 
by the Bihar Planters* Association.* 

Earlier workers dealt exclusively w'ith the chemis- 
try of the manufacturing process, and some botanical 
aspect. Very little work was done on purely agricul- 
tural side and on the physiological aspect of the role 
of indigo-producing principle in the plant. (Howard, 
and Howard 1914). 

r,OCAlJSATlON OF TnDIGO PRODUCING SUBSTANCKS 

Leake (1Q05) commenced research into the species 
of the plant grown and the localisation of the dye 
within the plant tissues, but his stmlies were brought 
to a sudden end by the severance of his connection 
with the Planters* Association. Bloxam attained some 
pr(>gress in his chemical studies of the dyes. 

Parnell (1915) worked on the physiology of indigo 
> ickHng glucosides i.c., with the biology of itidicans 
in particular and glucosides in general. In Indij^ofera 
s'p. the ghicoside is practically confined to the leaf 
and youngest parts of the stem though a small amount 
varying in different species occurs in some of the le- 
productive organs. In T. arrcchi the m.aximum per 
cent content occurs at a very early stage in the deve- 
lopment of the leaf. The actual amount in any leaf 
increa.ses during growth to a niaxiniuin at maturity 
and remains constant till leaf falls when the whole 
is present in the fallen leaf. In the light of present 
knowledge no definite function can be assigned to 
indigo-yielding glucosides in the plant and iudican 
seems to be a bye-product of tlie plant’s metabolism 
(Parnell, 1915). 

DKFlCtRNCY OF PlIOSFiT VTKS OP BiHAR SoiU 
As early as 1902 Rawson pointed out in his re- 
I'ort on indigo that Bihar soils were decidedly deficient 
in available phosphate and in 1907 Dr Leather made 
a series of analysis of soil from indigo areas in Bihar. 
Ill a report to the Bihar Planters* A.ssociation (1908) 
Leather states “The chemical analysis of the soil 
showed them to be almost uniformly deficient in 
available phosphate**. 

In spite of this warning, phosphate manuring 
lias been used only in isolated cases and the neglect 

Padische Aniline und Soda Fabrik Company spent a 
of ;C900,000, exclusively for research work in connection 
With the manufacture of .synthetic indigo. (Chakravorty, 


of this has been the main cause of certain difficulties 
in indigo cultivation and the undoubted falling off 
in later years. 

Davis (1917) in a report to the Government on 
the indigo industry of Bihar reiterated this abnormal 
deficiency in phosphate of the soils of Bihar und its 
effect upon the growth (quality and yield) of indigo. 

Howard (1920) however, did not support the view 
that manuring with superphosphates will increase the 
growth of Java indigo. On the other hand the growth 
of indigo crop depends mainly on (i) soil aeration and 
{2) organic matter. 

Howard further, contrary lo our previous ideas, 
observed that Java indigo seriously depletes the supply 
of soil nitrogen and behaves very much like a cereal. 
The soil loses more nitrogen than it gains. Intense 
colloidal condition of the .soil often pre\ents jiercola- 
tion altogether. The pore .spaces become water h>ggjd 
for long periods and a condition is cstabli.shcd whii'h 
profoundly affects both the bacteriology and the 
chemistry of the soil and the plant reacts iin mediately. 
At first there is a cessation of root action, followed 
sometimes by the destruction of the ab.sorbiiig system 
except or near the surface. In Java indigo, the esta- 
blishment of colloidal condition was eventually 
followed by the general wilting of the crop. 
(Howard and Howard 1927). 

The cultivation of Java indigo in Bihar fell from 
TO, 000 to 15,000 bighas between tqio and 1Q14 
largely on account of the wilt disease and the diffi- 
culty of obtaining seed. Investigations on the causes 
of indigo wilt and its prevention was carried out by 
Howard (1915-1921). 

Java indigo introduced into Bihar from Java in 
1898, at first did exceedingly well, yielding heavy 
crops of leaf rich in indican as well as almndaiil seed. 
After some years, however, the plant began to show 
increasing signs of want of vigour and finally began 
to die of wilt during the second half of the rainy 
season. At the same time, the yield of .seed dinii- 
nished. The degeneration was progressive and by 
1913 many planters had already abandoned the culti- 
vation. 

Indigo wir/r and its Cadsk 

Wilt appeared after the first cut during July 
and August, the severity of attack depending on the 
season. The plants die off in stages, the process 
taking place slowly. Neither insect, fungi or bacteria 
have been found to be responsible for the trouble. 
Howard’s investigations iwlicate that wilt results 
from the destruction of the fine roots and nodules 
under circumstances when regeneration is imiiossible. 
When the roots and nodules of an indigo plant have 
suffered extensive damage wilt invariably results from 
any cause which interferes with normal root regenera- 
tion. The chief source of damage to the active roots 
and nodules arises from the complete cutting back of 
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the plant. This results in the destruction of practi- 
cally all the fine roots and nodules and root regene- 
ration is necessary before new growth can take place. 
Root regeneration becomes difficult due to poor soil 
aeration, due to lack of sufficient reserve material in 
the tap root and due to too low soil temperature and 
wilt follows. (Howard, 1920, 1924). 

Sklrction Work 

The details relating to the flowering, pollination 
and occurrence of natural cross-fertilisation in Java 
indigo and l^earing of these facts on the improve- 
ment of the crop was also dealt with to a consider- 
able extent by Howard. 

The crop is composed of a mass of hetcrozygotes, 
differing widely in habit, time of flowering, root 
range, and amount of leaf surface. There is a great 
falling-off in vigour observable in the plants raised 
from self-fertilised seed. These circumstances and 
the ease with which the land becomes contaminated 
w ith the seed of previous culture, render the improve- 
ment of Java indigo by the methods of pure line selec- 
tion a time-consuming and a very difficult undertak- 
ing. 

Attempts t<j cross Java and Sumatrana indigo 
at Pu.sa failed. On several occa.sions plots of thCvSe 
two crops have been allowed to flower side l)y side 
in October and November but no natural crosses have 
been observed in succeeding generations. 

The progressive degeneration of the indigo crop 
has been found to be <lue to a gradual change in the 
gametic constitution of the crop, which has been in 
progress since Java indigo was first introduced in 
Bihar. 

All the si)ccies of indigo examined at Pusa rarely 
set seed under net. In a single generation from self- 
fertilised seed there is a marked falling off in the 
size and vigour of the offspring, so that both self- 
fertility and natural cross-fertility have to be con- 
sidered in any improvement by selection. 

The stoppage of selection, the mixing of kinds 
which i.Ta characteristic of Indian agriculture and the 
resulting crossing with types which do not suit Bihar 
completely altered the botanical composition of the 
crop and rendered it unsuitable for growth under 
monsoon conditions. (Howard, igig). 

W’hen the Bihar Planter’s Association lost Ihcir 
interest in indigo plantations, the few remaining firms 
formed the Indian Indigo Association in 1920, to look 
to their own interest. Since the abolition of the indigo 
cess in 1923, there was an unspent balance of 
Rs. 1,500/- in the fund in 1925, which was available 
for expenditure on problems connected with the 
improvement of indigo. The amount was handed 
over to this association for meeting the cost of I«ondon 
experiments on re.search for a dyeing process of 
natural indigo which would be shorter and less com- 
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plicated than the existing process (Report of the 
Indigo Association, 1926). 
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OX BLOOD FOR BLOOD TRANSFUSION 

Tiik possibility of using bovine plasma in human 
beings in slates of shock, hypoprobinaemia and jiro- 
tein deprivation and loss, calling for blood tranfusion, 
lias been recently demonstrated by Dr Edwards and 
his collaborators in a series of experiments (Ihii. Med. 
Jour., January 15, 1944 ; also for a shorter report see 
Nature, January 29, 1944). Increasing pressure in 
blood banks and their limited sufiply have led to a 
numlier of substitutes for human plasma. But such 
substitutes do not satisfy all the three requirements 
essential for successful blood transfusion. These three 
requirements are : (i) it should be retained in the 
circulation and eventually be metabolized, (2) it 
should exert an osmotic pressure same as that of the 
plasma and (3) it should be non-toxic, free from anti- 
l)odies and noii-antigeiiic. Although bovine blood has 
some commendable characteristics, it is not without 
difTiculties. The satisfactory fact about bovine blood 
is that its total protein most nearly approaches that 
of human plasma. Bui it contains a much higher 
percentage of fibrinogen, and its albumin- globulin 
ratio is lower, resulting in a lower osmotic pressure 
of bovine blood. These considerations make crude 
box'iiie scrum unsuitable for use. In fact, the use of 
crude serum has been found to produce serum sick- 
ness aiul a tendency to haemolysis of the human 
red cells. 

Dr Edwards and his collaborators have adopted 
a method of processing bovine serum which is 
claimed to fulfill the above requirements. The process 
consists ill heating the serum to 72®C to destroy the 
anti-bodies and in adding o* 2 per cent of formalin and 
ammonia to render the proteins uncoaguable. The 
serum known as Despcciated Bovine Serum (D.B.S) 
has an osmotic pressure comparable to that of filtered 
human plasma and is well retained in the circulation. 
It has not developed signs of deterioration after long 
storage (9 months) in a refrigerator. The report of a 
preliminary trial on 26 patients is encouraging and 
recommends its safe use in human beings. 

The possibility of the tuberculous infection or 
J^fucella abortus of bovine serum has also been given 
due consideration. This can be solved on the leport 
of the meat inspector, making it possible to discard 
the blood of the grossly infected animal. Further- 
more, as Dr Edwards suggests, the blood may be 
subjected to Seitz filtration during the process of 
manufacture to remove any of these organisms in- 
fecting the blood. 


VITAMIN SUPPUES IN PREGNANCY AND 
CHILDHOOD 

In his article *'The Role of Vitamin Concen- 
trates in War and in Post-war Food Relief in Europe*’ 
in Nutrition Abstracts and Reviews, Vol. 13, No. i, 
July 1943, V. P. Sydenstrickcr has dealt with the 
vitamin requirements of pregnant women and 
children. The effects of malnutrition in pregnant 
women seem much more subtle than any symptoms 
or signs which can be detected clinically or any dis- 
turbance of metabolism that can be measured in the 
laboratory. It is only rarely that gross deficiency 
disease develops during pregnancy, even among the 
women of a chronically malnourished population. 
Nevertheless it has been shown that improvement of 
the nutritional .status during pregnancy can reduce 
maternal morbidity and caii.se a marked decrease in 
the incidence of abortion, premature delivery and still- 
birth. The most striking results were olHained in 
the experiments performed in Toronto (19/11), in 
which pregnant women received a liberal dietary 
supplement of milk, cheese, oranges and canned 
tomatoes and, in addition, wheat germ, vitamins Bi 
and I> and iron. Toxaemia occurred in only 3*5 per 
cent of a group of 90 w^omen, and there were no mis- 
carriages or stillbirths. In the control group of 120, 
the incidence of toxaemia was 7*6 per cent, there 
were 7 miscarriages and 4 stillborn infants. In the 
much larger group of about 3,000 priniiparous women 
studied in London (People’s League of Ilealth, 1942), 
no supplement of food was furnished, but the women 
took liberal amounts of a preparation of B vitamins, 
ascorbic acid and vitamins A and D as well as iron, 
calcium and a mineral mixture containing iodine, 
manganese and copi)cr. The incidence f)f Toxaemia, 
as judged by the presence of hypertension or albu- 
minuria, was 27’ T per cent in the treated ca.scs as 
compared with 3r7 per cent in a control group of 
equal size. The corresponding values for incidence of 
prematurity were 20*1 and 23 0. 

These results were obtained in times of peace 
when there were no restrictions on the amounts and 
varieties of foods obtainable except the money avail- 
able for their purchase. In war, with animal protein 
and fats rationed and citrus fruits unavailable for 
adults, it would seem not only desirable but nece.ssary 
to make vitamin concentrates as well as iron and 
calcium available to all expectant mothers. Codliver 
oil or other sources of vitamin A and D and synthetic 
ascorbic acid are particularly necessary. The use of 
wheatmeal bread and potatoes as chief sources of 
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calorics makes it unlikely that supplements of the U 
i^roup of vilaiiiins are generally required. 

The present status of children in Uritain is pro- 
bably belter than that of any other group of the 
civilian population. The needs of small children are 
provided for by the univensal distribution of cod liver 
oil aiul good sources of ascorbic acid in addition to 
milk. There may be justification for concern over 
the ascorbic acid intake of children of school age, 
particularly during tlie late winter and early spring. 
Should there be any evidence of deficiency there 
should be neither hesitation nor delay in making 
ascorbic acid universally available for as long a period 
as necessary. Indiscriminate dosing of children with 
mixed vitamin concentrates in an effort to prevent 
uj)per rosi)iralt)ry infections or for “tonic effect** has 
no experimental or clinical support (Kuttner, iQ-jo)* 
It may in fact do harm by exciting disgust for food. 


ROLE OF VITAMINS IN BLOOD FORMATION 

It is generally known that the production of 
blood cells re^iuires the proper supply of iron, pro- 
tein, glucose, haemoglobin, xanthopterin, excessive 
amounts of cobalt and the anti-pernicious anaemia 
factor of liver extract. There are now clear evidences 
that certain vitamins also play important part in the 
production of blood cells. Sience News J.etier, 


February 12, 1944, reports that at least two vitamins 
of the B complex group, riboflavin and the pellagra- 
preventing niacin, appear to be necessary for the pro- 
duction and regeneiation of blood. Dr C .A. Klvehjem 
and his associates, of the University of Wisconsin 
have found that dogs supplied with a synthetic diet 
containing all the known essential nutrients except 
riboflavin develop anaemia and quickly respond to a 
corrected diet containing adequate amounts of ribo- 
flavin. The results of these experiments therefore 
suggest that' ribofiabin is indispensable for normal 
growth and development. 

The requirement for niacin for the building up 
of blood cells has been demonstrated in dogs. 
Dr Philip Handler and Dr William P. Featherstoii, 
of Duke University School of Medicine, have shown 
that such anaemia is specially due to the deficiency 
of niacin and can be corrected by the administration 
of adcc|uatc amounts of this vitamin. They advocate 
that niacin is necessary for the proper production and 
maturation of red blood cells. This vitamin is known 
to play an important role in the respiration of all cells 
of the body. The lifetime of blood cells appears to 
be very short and the rate of turnover is quite rapid. 
Consequently the requirements of niacin for the manu- 
facture of blood cells might be correspondingly great. 
A niacin deficiency, besides producing the usual 
symptoms of pellagra, might also lead to anaemia 
because of the inadequate supply of this vitamin lor 
development of the red blood cells in the early stages. 


PRACTICAL. AND PUBLIC HEALTH ASPECTS OF NUTRITION 

K. P. BASU, 

niOCUKMTCAr, LAIIORATORY, DACCA UNIVKRSITY 


Nutrition and Human WElfask 

TN planning a social order under which everyone 
will attain freedom from want, freedom from fear 
and freedom to attain a full life, one is faced from 
the outset with the question of the need for proper 
and adequate nutrition. The importance of food for 
health is now recognised by all Governments. It is 
no doubt somewhat difficult to assess accurately the 
effect of diet on health in different classes as faulty 
diet of the poorer classes is usually accompanied by 
other unfavourable conditions associated with poverty 
such as bad housing, an increased incidence of in- 
fectious diseases and unfavourable psychological 
factors. Results of feeding tests in which environ- 
mental conditions ai»art from food arc unchanged 


show that improvement of the diet is followed by a 
striking inip’-ovement in health and also in the rate 
of growth of children. Some have pointed out that 
heredity also is another factor to be considered in 
relation to physique and susceptibility to certain 
diseases. However, in many of the investigations on 
the influence of heredity, the correlation found was 
probably more between environmental factors than 
inherited genes. Investigations on people belonging 
to the same stock but living in colonies and the 
mother country show that food markedly affects not 
only stature but bodily configuration. An increase 
of 2-3 inches in the average stature of children leav- 
ing school, the remarkable fall of infant mortality and 
tuberculosis death rates and other indications of the 
great improvement in health in Great Britain in the 
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last twenty years have been primarily due to im- 
provements in the diet. The correlation between 
({uality of diet and health and physique has been 
beautifully brouKht out in the famous experiments 
of McCarrison at Coonoor. McCarrison*s results 
show that the marked differences in the physique of 
the people of the different provinces in India were 
due mainly to the differences in their diets. 

There is no longer any doubt that faulty diet is 
the cause of deficiency diseases in people and of 
much ill health not sufficiently severe to be classed 
as disease. Faulty diet decreases resistance to some 
infections, is a predisposing cause of some chronic 
diseases and also causes some forms of mental 
depression and other abnormal psychological states. 
In planning for human welfare, therefore, food must 
be treated as the first and most important material 
requirement for the fuller life of the new world order. 

As a result of the deliberations of various expert 
bodies set up by the British Medical Association 

by the Department of Home Economics of the 
i’nited States Department of Agriculture (1933) and 
by the League of Nations (1935)1 we now possess 
accepted standards of dietary requirements— of re- 
quirements for calories and proteins -and general 
statements on mineral and vitamin requirements. The 
requirements of minerals and vitamins have also been 
I»laccd on a quantitative basis by recent nutritional 
investigations in Europe, America and India. A good 
deal of information is available on the clinical signs 
of minor degrees of deficiencies and methods for 
assessing the state of nutrition have also been deve- 
loped. Investigations carried out under the auspices 
of the 1 . R. F. A. — on protein and mineral require- 
ments in Indians at Dacca and on vitamin require- 
ments at Coonoor — show that these yardsticks to 
measure the adetiuacy of nutrition can also be applied 
to the population in India. 

Morbidity and Mortality Statistic.s 

The broad facts regarding the health and 
physique of people brought out from surveys of diet 
and state of nutrition can be obtained from morbidity 
and mortality statistics. As the quality of the diet 
deteriorates there are increases in the infant morta- 
lity and tuberculosis death rates and also in the inci- 
dence of diseases due to faulty diet. Morbidity 
statistics, except perhaps in the case of one or two 
diseases, are entirely lacking in India. The infant 
mortality rate for 1938 in British India as given in 
the Report of the Public Health Commissioner is 
about 170 per 1000 live births compared with 53 in 
England (it was 97 per 1000 live births in 1918) and 
^ in Scotland. These figures point out in a most 
significant manner the appalling malnutrition pre- 
valent in India. Incidently the need for improving 


the machinery for collecting morbidity and mortality 
.statistics cannot be over-eniphasi.sed . 

Tint Statistical Positk^n with kiciukd to 
Food Production 

A study of the data on the food production in 
India is of great help in assessing the extent of under- 
nutrition in the country. The figures are admittedly 
imperfect and relate to a crop year which runs from 
the 1st July to the 30th June next and thus neither 
corresponds to the calendar year nor to the financial 
year. Moreover, information is entirely lacking fur 
a1>out 47 per cent of the total area covered by the 
Native States and also for the Tribal Area of the 
North West Frontier Provinces and Briti.sh Baluchi- 
.stan. While area statistics are fairly reliable, the same 
cannot be said about the standard normal yield per 
acre and the condition factor, all of which together 
determine the figures about annual yield. In con- 
trast with Western countries where about 30 — 40 per 
cent of the total calories yielded by ordinary diets is 
derived from cereals, about qo per cent of the total 
calorific value of the Indian dietaries is obtained from 
this source. Hence in India data about production cf 
cereal grains require close examination to determine 
if the food supply is adequate for the population. 

The area under cereal crops in British India is, 
according to the latest census figures, about 147 
million acres and the total area under all food crops 
including sugar about 215 million acres. The aggre- 
gate yield of the grains is about 55 ‘8 million tons of 
which about two and a half million tons are re- 
quired for seed. About 53 million tons cereals are 
thus available for human consumption. If the popula- 
tion of British India be taken as 296 millioii>s the needs 
of the entire population can be met by about 60 
million tons of cereals per year. British India is thus 
faced with an annual deficit of about 7 million tons 
of cereal grains. There is no doubt that children 
would consume less cereals but against this must be 
considered the wastage during processing, storage 
and transit and also the quantity of grains consumed 
by cattle and poultry. The food production data .show 
that a considerable fraction of the population do not, 
even in normal times, get enough food to cover fully 
its calorie requirements. 

The over-all deficit is not a correct index of the 
degree of scarcity in urban areas. Generally only the 
balance of what is left over after meeting the require- 
ments of the producing rural areas goes to the urban 
areas and not a fixed percentage of the total produc- 
tion. 

Considering the provinces individually, the deficit 
provinces are Bengal, Bombay, Madras, Bihar, 
Assam and North* Western Frontier Provinces while 
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l)rovinces prodiichig more food than their require- 
ments are the Patijab, ITiiileil Provinces, Sind, 
Central Provinces and Berar, and Orissa. A close 
exaniinalion of the figures for the production of differ- 
ent cereals in the various provinces clearly shows 
that even with Inter-Provincial transport of food 
grains it will not be possible to meet the deficit of a 
particular graiti in one province with a surplus of the 
same food grain from other iirovinccs. The food pro- 
blem in India is thus not merely of increasing the 
jiroduction of food to secure an adequate supply for 
the entire po]>ul:ition but also of adjusting the food 
habits of jieople .so that rice-eaters should be ]»reparcd 
to consume a certain ainouiil of wheat and probably 
also of millets. As already mentioned the figures of 
food production arc very rough. It is very desirable 
that better data should be available and periodical 
estimates preferably twice a year — should be drawn 
up showing the (piantity of food produced in the 
country. 

RR.SUI/rs OF SUKVKYS OF DiKT, STATK OF NUTRITION 

.\M> Jncidkncu' of Deficikncy 1)isk.\ses 
The conclusions about under — ^aud mal-nutrition 


the incidence of various diseases. The nutritive value 
of the typical Indian dietaries has also been tested by 
carefully controlled nietal^olic experiments on human 
subjects and the defects mentioned above have been 
fully corroboratetl. 

There is also a widespread existence of food 
deficiency diseases which are preventable by correc- 
tions in the diet. Diseases due to deficiency of 
the one or other of the vitamins are night-blindness 
and xerophthalmia, beri-beri, angular stomatitis and 
rickets and osteomalcia. The anaemias specially the 
anaemias of pregnancy associated with malnutrition 
arc also quite common in India. Mabinlrition also 
decreases the resistance to diseases like tuberculosis, 
and leprosy which are also prevalent on a large scale 
in India. 

PuHUc Health Nutrition Work 

i Attention to proper nutrition of all classes oi 
IKiople should, therefore, be a prominent feature of 
the public health work in India. The vastness of the 
country and the multiplicity of problems make it 
desirable that there should be a common centre of 
'guidance, inspiration and advice. The public hcallli 


among the people of India from production data are ^departments in all the provinces and Stales should 
fully corroborated by the results of surveys of diet, ?1iave nutrition officers and the centre should be kept 
state of nutrition, incidence of deficiency diseases and ^constantly in touch with the situation in the pro- 
other investigations. About too diet surveys, ,vinces and States. Morbidity and mortality figiires 


have been carried out in various parts of India, should always be ready at hand. Surveys of diet and 
Ivach of these surveys makes a quantitative in- state of nutrition should be undertaken at regular 


vestigatioii of all the foods consumed by a group of intervals. 


1 5 to 30 families in a given area over a period of io-20|^ 
days and they show what foods are consumed by a " 
particular class of the population. A considerable 
margin of error is inevitable in analysing the results 
of dietary .surveys specially regarding the intake of 
vitaniin.s. Such surveys, however, are the Ixist avail- 
able means of getting infoniiatioii on the highly im-. 
portant (lucstion of the extent to which people of the 
different classes and in different parts of the country 
are undernourished or malnourished. These surveys 
show that 30—40 per cent of the families do not get 
enough food to meet the calorie requirements. The 
diet is alvSO qualitatively very deficient. In addition 
to his staple cereal the poor Indian takes only small 
quantities of pulses (0*5 — r5 oz. daily) and vegetables 
and the consumption of milk, fish, eggs and meat is, 
except in certain areas, practically negligible. The 
intake of anitiial proteins is very little and the diets 
are usually deficient in calcium, vitamin A and oaro- 


Kducation on the importance of food for lieallli, 
on the relative nutritive values of different foods and 
oil the methods of constituting balanced diets from 
available materials should be a prominent feature of 
the public health propaganda work. Lantern slide 
lectures and exhibitions should be arranged even in 
the remotest villages and also at village fairs. 
Poverty no doubt is the most frequent cause of in- 
adequacy of diet but someliincs ignorance, careless- 
ness and apathy are also responsible for faulty diet. 
Special a;.templs should be made to approach the 
housewife who is responsible for the preparation (»f 
the food. Appointment of lady health visitors who 
would do this work is an urgent necessity. The bane- 
ful effect on the future generation and on the entire 
family, of the mother denying herself and reserving 
the best of the food for the rest of the family should 
he pointed out to her. 


lene, and the various factors of vitainin-Ba complex. _ 

The Indian can afford to take very little vegetable COORDINATED MEASURES FOR IMPROVING NOTRinON 


fat and negligible ([uantities of animal fat. Tliese There is ma enormous gap between the food 
dietary deficiencies are reflected in the health of the supplies in the country and the physiological needs 
people, in abnormal rates of infant and childhood of the population. The first obvious step to be taken 
mortality, in the height and weight’of children and in to remedy this state of affairs is to increase the food 
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supply of the country to provide sufficient energy- 
giving as well as i^rotective foods for the entire popu- 
lation. A food policy based on human needs would 
have a profound effect upon agriculture and economic 
])roblein. Iiicretiients to food supply must either be 
grown in India or imported from abroad. Imports no 
doubt act as a safety-valve in years of bad harvest. 
Moreover, the absence of imports reacts adversely on 
the food situation to an extent which is out of all 
|)roportion to the actual magnitude of imports. But 
so long as the war lasts and tor some years after it 
has ended, India will have to rely mainly on her own 
resources. After the war the world will be faced with 
general shortage of food and transport. A bold indicy 
of food production is therefore, imi)erative. To en- 
sure the su])ply of “enough foml** the production of 
cereals has to be increased and to ensure “the right 
kind of food** steps have to be taken to increase the 
supply of milk and milk products, eggs, fish, citrons 
fruits and green leafy vegetables. 

So far as increased production of cereals is con- 
cerned, the em)rmity of the problem will be realised 
if we consider that “an increase in the daily consump- 
tion of as little one ounce per capita would involve 
an addition of some 4 million tons per aiinnin to the 
available food-supply** for the whole of India. 

The available supplies of food can l>c increaseil 

hy 

A. Development of Agriculture, 

B. Development of Animal Husbandry and 

fisheries and 

C. Prevention of the milling of rice to a high 

degree. 

. 1 . Development of Agriculture. 

Production of food can be increased by 

I. Increasing the outt>ut of the cultivated areas, 

II. The utilisation of agriculturablc waste 

lands, and 

III. Replacing cash crops by f(K)(l crops. 

I. Increiising Ihc output of cultivatni areas : 

Tlic yield of crops in the cultivated lands can, 
according to the agricultural experts, be improved Iw 
( 1 1 using heavy yielding and better varieties of see<ls, 
(-’) greater use of inamires and fertilisers, (.^) better 
supply of water, (4) better control of pests and 
diseases, (5) prevention of soil erosion, (6j the use of 
better agricultural implements and (7) the selection of 
right type of soil for a particular crop and the employ- 
uieiit of a better sy.stem of crop rotation. 

(i) Better Seeds . — While spectacular restills have 
been obtained in plant breeding w'ork so far as stigar 
<^ane and wheat are concerned, the same cannot be 
s*'»id about rice. A few heavy yielding strains have 


been developed by Dr Hector at Dacca but the better 
varieties of seeds are not available in adeiiuate 
amounts. Investigations at Dacca University have 
shown that the nutritive values of different strains 
(of rice) are different and the cultivation of those 
strains that combine in them the finalities of heavy 
yielding and higher nutritive value should be en- 
couraged. In each province a central organisatir)n 
and general sub-stations for the multiplication and 
distributitm of seeds of approved varieties of crf)ps 
and vegetables, of sugar cane and of named varieties 
of fruit trees should be set up. 

(2) Manures and lertilhers . — Intensive cultiva- 
tion is impossible without intensive manuring. The 
yield of rice per acre in India (ij68 lbs.) is about half 
that in V. A. (16S0 lbs.), less than half than 
that in Chinn (2434 lbs.) and about onc-thinl that in 
Jaintii (3070 lbs.). This is to a great extent due to 
the scarcity of manures and fertili.sers. India ]»r«)diiccs 
about thirty thousaiui toiLs of ammonium sulphate 
while Ihe rice fields alone should receive 7-iS lakh tons 
of the material per year. It has been i»oinled (Uit in 
the Cregory Report that application of tlircc and a 
half lakh tons of ammonium sulphate to S()--(k.) lakh 
acres of suitable land would increase tlio production 
of rice by about eight lakh tons per annum. The need 
for measures for starting factories to manufacture 
auimoniiiin sulphate in rcciuisite quantities cannot be 
over-emphasised. 

Nitrogenous fertilizers usually give tlic best re- 
turns. Concentrated organic manures, oilcakes and 
fish manure also give good returns. Cheap find 
elTicieiit manures can be prepared in large amount 
by Ibe composting of organic matters in the farm- 
yards and of the large (|u:intities of town refuse and 
also of night soil. The step recently taken by the 
I. C. A. R. for the training of staff in methcKls of 
composting is a move in llie right direction. The 
work should be taken up by the urban municipalities 
throughout the country without any dehiy. 'I'he 
practice burning cow -dung as fuel should be 
stopped Jiiicl cheap fuel should be imide availalile. 

(3) Frrigation and fyra/»agc.--Maiiiiriug can be 
sutvessful only if there is an assured supply of water. 
Under the desert conditions such as those prevail in 
North Western India, irrigation is essential and it is 
also useful in other regions. Irrigation protects crop 
production from the vagaries of the itioiisooii and is 
an insurance against uncertainties of weather. 
Experts should iiidiciite the means of utilising waters 
from the canals, from the great rivers, frmn wells fed 
by underground supplic'S and from tanks filled by rain. 
Opening of a great dam or barrage would also neces- 
sitate the selection of new varieties of crops suited to 
the new conditions and the designing of new cropiiiiig 
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schemes. Proper drainage of land is as important as 
irrigation. Large tracts of land in Bengal suffer from 
inundation and considerable volumes of water are 
often left stagnant thereby seriously interfering with 
the production of crops. 

(4) Control of pests and plant diseases, —Insect 
pests and plant diseases cause serious loss to agricul- 
ture ill this country. The loss can be miiiimi.scd by 
developing rc.si.stant varieties of crops and by obviat- 
ing the attack of the pest by changes in soil condition, 
by belter drainage and by changes in methods of cul- 
tivation by earlier or later sowing. The disease- 
producing insect or fungus can also be destroyed by 
chemical or biological methods. 

(5) Prevention of soil t’rosion. —Virgin soil main- 
tains a cover of dense grass or forest which protects 
it against the disintegrating effec-ts of rain and wind. 
W’ith the increase in population, increasing demands 
are made upon soils and as a consecpieiice the pro- 
tecting cover is removed and forests are cut down to 
l)rovide more lands for cultivation. The soil is then 
liable to be carried away by rain and also by wind. 
The alTccted area becomes useless, great ravines are 
scooped out as for instance in U. P. (8 million acres) 
and the soil that is washed away may injure the land 
on which it is deposited. Moreover the rain drops 
which would have soaked into the soil when the vege- 
tation covpr is intact, are lost as run-off water, carry- 
ing with it a heavy load of most fertile and absori>- 
tive surface soil and gradually increasing in volume 
and eroding capacity with subsequent showers. These 
little muddy waters as they find their way into Uic 
tributary stream or the main river, deposit at decreas- 
ing velocity sonic of the coarser particles on the river 
beds which are elevated in a few years to such an 
extent that the excess water pours over the country 
in uiicontrolled flood causing destruction of life and 
crops and dislocation in the country’s most vital links 
of coniTniinication. Deforestation of the catchment 
area of a river has been in fact the principal cause of 
soil erosion and recurrent floods. Heavy grazing also 
causes removal of the vegetation cover and soil 
erosion. A tract of land near Brindaban once most 
fertile has, as a result of continual over-grazing, been 
practically converted into a desert — a cattle-made 
desert extending over several hundreds of square miles 
in the heart of the world’s most fertile plain. Wind 
also causes not inconsiderable loss of soil from the 
bare ground. In the bare fallow fields in the foot- 
hills «)f Northern India, except properly levelled land, 
a single storm leads to the loss of soil at the rate of 
7 14 tons per acre. Clean cultivation of sloping land 
also cause.s soil erosion and ploughing along the con- 
tour lines instead of across them is to be recom- 
mended. Afforestation of the top slopes and bunding 
or terracing also have beneficial effects. 


If. Utilisation of ^cultivable waste* lands: 

It is also possible to increase production of food 
crops by bringing fresh lands under cultivation. 
Total ‘cultivable waste* lands other than the ‘current 
fallow’ which is necessary to maintain .soil fertility, 
amount roughly to 110 million acres. Assam, the 
Central Provinces, the Panjab, Madras and Sind are 
the provinces where these arc mostly to l>e found. 
With a programme of land reclamation which would 
include anti-malarial and other xmblic health measures 
and also provision of .suitable labour, there is no 
rea.son why 80 million acres out of these lands should 
not ultimately be sown with food grains. Planned 
migration for agricultural colonization, as has reccnlly 
lieeu permitted by the Assam Government from the 
more densely populated areas, should also be en- 
couraged. It is a matter of long-range scientilie 
planning, is certainly an all-India i.ssue and .should 
iKi directed .from the centre. 

III. Replacing cash crops by food crops : 

This would undoubtedly increase the amount of 
available food. India’s agricultural economy requires 
careful planning by regulating the acreage under 
various food and non-food crops. Allocating acreage 
of a crop like jute and cotton to rival provinces is 
bound to give rise to controversy and should Ixi con- 
sidered as a part of the long range po^t-war recon- 
struction policy. 

Ik DKViaOPMKNT oK AnIM.M. HUSBANDRY 
AM) IM.SHERIICS 

The inclusion of milk sj)ccially in the dietaries 
of infants and children and of expectant and nursing 
mothers has been deservedly a prominent feature of 
the nutritional propaganda within the last few years. 
In a country where the diet is mainly vegetarian, a 
satisfactory maintenance of human health is impossible 
without the coii.sujni>tioii of milk and dairy products. 
Including the consuni]>tiou of ghee and butter wliicli 
is confined only to the relatively richer classes, the 
average milk consumption per day per person in this 
country is only about 10 oz. The production should 
be at least three times as much to ensure a satisfac' 
tory standard of health and physique in people. The 
difficulty is not lack of sufficient number of cattle in 
this country which i)o.sse.sses 300 million animals ex- 
cluding pigs and poultry. The United States of 
America which jiossesses the second largest animal 
population in the world contains only 140 million 
animals excluding pigs and poultry. The small 
amount of milk produced by the average cow in India 
is the greatest limiting factor to an increased con- 
sumption of milk. Proper feeding and managemftflt 
would greatly increase the milk yield. 
yield of the best Indian cows compares very favour- 
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ably with that of the average English dairy cattle and 
the 3deld can further be improved by selective breed- 
ing. 

It must not be forgotten that agriculture in India 
is wholly dependent on the cattle population for the 
bullock draws the plough, supplies the manure, 
threshes the corn and also pulls the cart. The need 
in India is for better cattle. Provision of fodder for 
the cattle is an urgent problem. This is hardly 
possible unless the productivity of the Indian soil 
is increased which will permit a part of the lands 
to be used for the production of fodder crops. 

Attempts should also be made to develop the 
industry of meat production. This would i)rovide 
additional nutritious food and also an outlet for 
animals not retiuircd for milk production and for 
work in the fields. Prejudice against the taking of 
meat has no scientific basis and shouhl be got rid of 
l)y education and propaganda. 

Reference should also be made to the value of 
eggs as food and the need for developing the |x)iiltry 
industry in India cannot be over-emphasised. The 
egg is a valuable protective food, and a rich source of 
high (iiiality proteins, vitamins A, D, R, riboflavin 
and of iron and in a way supplements milk. It 
would not be difficult to develop this industry in this 
country. Striking results obtained in the egg yield- 
ing capacity of hens by careful and selective breeding 
should also be attained with the duck. 

The development ^of fisheries would provide 
another important and valuable source of highly 
nutritious food. This industry has got immense 
potentialities. The sea fisheries' -both coastal and 
deep sea — of Indian waters can provide a vast quan- 
tity of food and fish manures as a by-product. The 
shark can supply the entire amount of vitamins A 
and D needed in this country and obviate the 
necessity of importing codliver oil. 

Thr Rom OF Synthetic Vitamins and Vitamin 

awCICNTRATRS IN RAISING THE LEVEL OF 

Nutrition 

The question of attempting to improve the nutri- 
tion of the entire population by the u.sc of vitamin 
concentrates and synthetic vitamiiLs has been 
fre(|uently raised. There is no substitute for a good 
diet of ordinary mixed foods but when natural 
sources are not available in adequate amounts, the 
i'ynlhetic vitamins and vitamin concentrates can of 
course play an important role. Young children and 
pregnant women very freciuently require certain vita- 
ndn supplements even during normal times. The 
availability of synthetic products in India presupposes 
an industrialisation of the country. Yeast and shark 


liver oil, on the other hand, will be available and 
full use should be made of them. The shark liver 
oil industry developed in this country during the 
present war should be protected from foreign com- 
petition. Liver extracts also can play an important 
role and it should be possible to have large supplies 
of these made in India. Margarine and vegetable fats 
.should be fortified with vitamin concentrates. 

Need for Nutritional Research 

All progress is based on research and the know- 
ledge that has accumulated from nutritifiiicil iiivesli- 
gation during the last decade has thn)wn into clew 
relief the contribution which nutritional research can 
make to human welfare. In all civilised countries 
faced with food problems very large sums are being 
spent on research to solve the immediate and luessiiig 
problems as also on long-range research. India lias 
her own peculiar problems in nutrition and it will ])e 
an extremely sliorl-siglitcd policy not to give adequate 
funds for nutritional research. 

Food Departments— Central and Provincial 

Not only should sufficient food be i)r<idiiced in 
the country but also it should be fairly and eciuilablv 
distributed among the entire population. The task of 
distribution is primarily administrative and this and 
related problems can best be tackled by the creation 
of permanent food departments in the centre and also 
in the provinces and Stales. The Central Food 
Department should formulate and initiate ludicies 
which should mostly be carried through by the pro- 
vincial food departments over which the centre must 
have sufficient control. Intelligence and statistics 
bureau in the central food department should be a 
very important section w’hich should maintain inti- 
mate contact with all phases of the food situation. 
There should be a half-yearly stock-taking of all the 
available foods in the country. Tliere niii.st be 
licensing and registration of the regular trader and 
information about what supplies he has received and 
from whom, to whom he has sold, should always be 
available. Knowledge of slock in the possession of 
agriculturists should also come into the jiossession of 
the jGovernment. The department should arrange for 
tlie tran.sr)ort of food grains through a movements 
officer. If faulty diet is to be climinaled, the pur- 
chasing power of the poorest must be related to (he 
price of a diet adequate for health and hence the 
necessity of price control. Rationing ‘ensures the 
equitable distribution of an insufficient food supply* 
and it may be necessary to introduce and continue 
rationing in India as a general policy. In this and 
other spheres of administration the food department 
must have the benefit of the advice of nutrition ex-> 
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perts. Sonic of them sliould be pennanently attached 
to the department. The experience and knowledge 
of the others may be utilised by forming an Advisory 
Board on which they may be invited to serve. The 
success of the department demands that it should t^e 
cfficicnily and adequately staffed. Publicity and pro- 
liaganda should be an important feature of the depart- 
ment. 

Thk Population probiem and Nutrition 

The problem of the relation of food supply to 
population is a very intricate and highly controver- 
sial one. The prevailing view seems to be that the 
growth of population and the growth of food supply 
in India not having kept the same proportion in their 
ri.se, there is a lag between food and population with 
the result that a condition of over-population and 
even of saturation has been created. Closer examina- 
tion Avill however, show that there is no justification 
for this extremely pessimistic view. 

I ■ndoubledly there is a slight shortage of food 
supply in the country at present. The acreage per 
capita under food crops in India is about 6'86 acre 
compared with 4*2 acres in U. S. S. R., 3*5 acres in 
U. vS. A. and 0 36 acre in China and compared with 
East’s minimum of 2}4 acres per head as representing 
the area necessary for producing enough food. Utili- 


sation of cultivable waste and great and fundamental 
changes in agricultural technique which would vastly 
increase the productivity of the cultivated areas can 
surely create a saisfactory food position in India. 

The population problem cannot be discussed only 
in terms of food supply within the country. If that 
were so, England would have been saturated with 
population nearly 2^ centuries ago. The ability of 
a country to maintain an optimum iiopulation 
depends upon its agricultural, as well as commercial 
and industrial wealth. It should be the aim of post- 
war reconstruction programmes to increase the per 
capita income of the Indian people by 100 ])er cent 
and to provide a more balanced economy. Instead of 
the contribution of industry, agriculture and the ser- 
^ vices to the national income being as it present 17* 53 
and 20 per cent respectively, the percentages should 
rather be 35, 40 and 20 respectively. This would 
necessitate a rapid development of industries. Econo- 
mic considerations play a very important role in mat- 
ters of nutrition and an inadequate family resources 
are the greate.st single cause of defective nutrition. 
The population problem in India does not necessarily 
mean the problem of birth-control. The mo-sl 
obvious and urgent problem to-day is to raise the 
standard of life, of education, of .sanitation, of agri- 
cultural production and of vitality through vigorous 
and persistent State action. 
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‘‘Geology of India and Burma”— By M. S. 

Krishnaii, M.A., Ph.D., A.R.C.S., M.A.T.M.E., 

Geological Survey of India. (The Madras Law 

Journal Office, Madras) 1943, pp. XVI I- 518. 

Price Rs. 15/- net. 

Dr M. S. Krishnan must be congratulated for 
bringing out a comprehensive and up-to-date text book 
of high standard on "Geology of India and Burma” 
for the students and the educated public who are 
interested in this science. The first text-book on this 
subject was the official Manual of the Geology of 
India in two volumes by H. B. Mcdlicott and W. T. 
Ihaiiford published by the Geological Survey of India 
in iS;9. This was revised and rewritten by R. D. 
Oldham in 1893 which was out of print by 1910. 
Although the ^fanual was an excellent official re- 
cord of work upto that time it soon became out of 
date and beside- its voluminous size the method of 


treatment was not .suitable for average student. The 
latest and revised edition of this Manual has howci'cr 
been prepared by the Geological Survey of Jjulia 
after half a century and is now ready for the press 
but would be published possibly after this war is 
over. 

In 1910 a very small book on this subject entitled 
“A summary of the Geology of India” was published 
by E. W. Vredenburg, an officer of the Geological 
Survey of India. As this was too short a summary 
of a subject which was gaining importance it could 
not satisfy the student community as well as other in- 
quirers. The publication of this book was however 
discontinued after second edition. So the active 
workers in this line were forced to search for and 
collect information from the innumerable issues of 
the Records and Memoirs of the Geological Survey 
of India — a very difficult task for the diligence of 
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average student. Moreover these official publications 
arc not easily accessible and are only to be found 
in very few libraries of this country. 

It was in 1919 that the first handy volume of an 
excellent nature on this subject, written in a masterly 
way, was published by D. N. Wadia, the tlicii Pro- 
fessor of Geology, Prince of Wales College, Jammu 
(Kashmir) and the subsequent editions have since 
been supplying adequate information to the student 
community. 

Quite recently in 1943 Krishnan, an 

officer of the Geological Survey of India, has brought 
out another text-book on ' ‘Geology of India and 
hurma" which is (luite welcome to the students and 
others interested in this science. A new book on 
Indian Geology needs no apology for its appearance 
especially because this subject is attracting greater 
attention of the various institutions of this country 
and an increasing number of students. 

Krishnan’s book under review consists of 518 
pages in all and divided into 20 chapters. The first 
chapter of 40 pages on Physical Geology of this 
country deals briefly with climate, mountain systems 
of penimsular and extra-peninsular India, glaciers, 
rivers, lakes, earthquakes and volcanoes. The origin 
of mountains, lakes etc. and an account of change 
of some of the river courses would be of great interest 
to the readers. 

The second chaiiter consisting of 33 pages gives 
a very good summary of the structure and tectonics 
of India and Burma, a subject of great importance 
to every student of Indian Geology and this con- 
stitutes a special and additional feature of Krishnan’s 
book. It may, however, be said that in several cases 
the generalisations are only tentative ones and need 
verification and confirmation by further field work 
and investigations. A few diagrams illustrating the 
structural features would have been very helpM to 
the younger students. A paragraph regarding the 
evolution of the configuration of India through the 
various geological periods illustrated by_sketches 
would have been of greater attraction to the readers. 
The local students of Bengal will find much interest 
ill the story of the evolution of the Bay of Bengal. 

The third chapter gives a general review of 
Indian stratigraphy and includes several tables 
showing the general geological formations and stages 
and a detailed scheme illustrating the correlation of 
the geological succession in different parts of India 
and Burma. 

In chapters IV and V a detailed account is given 
of the Archaeans of the Peninsula including Ceylon 
and the extra-peninsular region including Burma. 
Alwut 60 pages have been adequately devoted to 
this important subject. The proper correlation of the 


Archaean formations at different places lias ever been 
a great problem to the Indian stratigrajdiers and the 
student community was always in a great fix in 
obtaining a clear understanding of this subject as no 
suitable and systematic account could be found on a 
small compass in any of the previous text books. 
Dr Krishnan who has a first hand knowledge and 
sufficient experience in several of the places where 
this formation exists has done good justice to this 
subject by summarising all available information and 
in giving his suggestions on various points. 

The division of the Archaean group into an 
Archaean system and a Dharwar system as has been 
done by Wadia has not been carried to the extent of 
describing each as a separate unit, since the two are 
very closely associated and since the granites and 
gneisses may merely represent certain horizons within 
the schistose members. A good summary of Mysore 
Archaean complex has also l>ecn given and the latest 
views of B. Rama Rao regarding the sedimentary 
origin of a considerable portion of the Dharwars have 
been included. Much credit is due to the author for 
the way in which lie has presented this complicated 
subject and for the inclusion of several tablc.s show- 
ing correlation. This is another attractive feature of 
the l)Ook under review. Krishnan has admitted that 
the complexity of the Archaeans prevented him from 
attempting more than a broad indication of correla- 
tion and that further intensive work would be 
necessary in order to put forward an acceptable 
scheme of detailed correlation. 

The chapter VI gives a very brief account of the 
economic mineral resources found in the Archaean 
formation. The economics of each of the geological 
systems are given at the end of the respective 
chapters. This is another special feature of this book 
and is considered to be decidedly an improvement on 
the old practice. 

A major portion of the important ecoiioinio 
minerals of India is found in the Archaean formation 
because extensive mineralisation took place along 
with the widespread igneous activity in the dilTereiit 
parts of- this country during that old geological 
period. 

This chapter would have been of greater interest 
if it included a fuller and more conqilele account of 
the economic minerals together with a map of Iiidi.a 
showing their distribution. A point may be raised as 
to whether we should include laleriloid manganese 
ore deposits in the Archaean formation or within the 
Pleistocene deposits. From the standpoint of the 
geological age it should be included within the 
Pleistocene system. 

The chapters VII and VllI deal with the 
Cuddapah and Vindhyan systems together witli the 
economics at the end of each chapter. 
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The Palaeozoic Group is described in chapter IX. 
The vSalt Range geology is discussed and the interest- 
ing account about the age of the Saline Series has 
been given. 

There has been certain amount of controversy 
belwecii two officers of the same department on this 
problem. Fox showed that in certain clear sections in 
the cw-Iiidus Salt Range the Saline Scries lies l>elow 
the Cambrian succession without much visible signs 
of disturbance. Gee on further work found evidences 
of a nappe and advocated an Eocene age for the Saline 
Scries but recently he has revised his opinion and 
now supports a Cambrian (or Prc-cambrian) age for 
that of the Punjab Salt Range. Future work only can 
reveal the truth. 

The sedimentary formations have been described 
with the help of a number of geological sections. A 
new and useful feature in this book is that each sedi- 
mentary group is illustrated by plates of characteristic 
fossil types. 

The chapter X of 54 pages gives an adequate 
information on the Oondwaiia system which is the 
chief coal bearing formation of India. The two- fold 
classification of the Gondwaiia system as adopted by 
the (rcological Survey of India has been adhered to 
ill this book. The tripartite classification as adopted 
by Vredenburg and Wadia has also been discussed, 
'riiough the occurrence of arid continental deixisits 
containing Triassic reptiles and amphibians make the 
tripartite division ])lausible, the evidence of the flora 
is entirely in favour of a two-fold division. Geologi- 
cal sketch maj) of Jharia and Raniganj coalfields, a 
mai) showing the distribution of the lower Gondwana 
coalfields and a number of tables and plates showing 
the important plant fossils are given to illustrate the 
chapter. The names of the more important coal seams 
occurring in the Jharia and Raniganj coalfields and 
the nature of the Harakar and Raniganj measure coals 
have been given. The estimates of the coal reserves 
of the.se two coalfields and the classification of coal 
adopted by the Coal Grading Board have also been 
included. 

The remaining 10 chapters deal with the younger 
geological formations. Chapter XV gives a very good 
account of the structural features, petrographic and 
petrological characters, chemical composition of the 
Deccan Traj^s. The age of the Deccan Trai)s has been 
discussed from the fossil content of the inter-trap])ean 
and infra-lrappean beds as well as from the recent 
radio-active characters of the traps. 

The chapters XVI to XIX give a balanced des- 
cription of the systems of the Tertiary Group found 
at different places of India and Burma. The Eocene 
System contains important deposits of coal in Assam, 


N. W. India and Burma. The story of the upheaval 
of the Himalayas has been nicely presentecl. 

In chapter XX the Plei.stocene system is dis- 
cussed. The Pleistocene Ice Age and the results of 
recent work by H. De Terra and others have also 
been incorporated. The characteristics and origin f)f 
the Indo-Gangetic alluvium and other alluvial do- 
lK)sits have also been dealt with as well as the recent 
changes in the coastal tracts. Lastly a short account 
of laterite, its characters, composition, mode of for- 
mation and uses have been enumerated. 

A selected bibliography has been given at the 
end of each chapter for reference and 16 pages have 
been devoted to the Index of the book. An addition 
of a geological map of India would liave enhanced the 
value and usefulne.ss of the book to a very great ex- 
tent. The second edition might possibly include one. 

I'inally one word may be said with regard to 
certain geological formations derived from topogra- 
phical names, e.g., Kadapa, Bundair, Vcm])ulle, Var- 
kala, Damodar etc. Krishnan has introduced thes*.* 
terms which are not yet accepted or included 111 
Holland’s “Geological Terminology”. In this mn- 
ncction it has to be remembered that once the iianie 
of a geological formation is coined and incor])or.iie(1 
in the bibliography it should never be changed in 
future and such terms should have priority of clni?)) 
and should be considered to be absolutely rigid, if 
this view is not accepted by all it is desiral)le lliat 
definite and specific terms should now be standard 
and accepted once for all in order to avoid several 
confusing terms for one particular formation. 

The get up and printing of the book under re- 
view have been (juite satisfactory and upto the mark 
and considering the high cost of printing and .scarcity 
of good paper due to war conditions the price has 
been (juite reasonable and is well within the roach 
of almost every student. Few inaccuracies and print- 
ing mistakes have however crept in possibly due la 
the unusual hurry in getting the book through the 
press and it is hoped that tliese defects would In* 
eliminated in the second edition. 

The book is really brought up to a very hifth 
standard as it contains a summary of almost all the 
important recent work done on Indian stratigrapliy 
and if the few suggestions for improvement that are 
given in this review are carried out in the next edition 
the book will surely be of immense value and of great 
use to all who are interested in this subject. There 
is every reason to believe that a book of this nature 
will be very popular among students and other 
workers in Indian stratigraphy. 

N. N. C 
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Indian Ephemerit of Planets' position— according to 
the Nirayana or Indian system for 1944 A.D. 
—By Nirmai. Chandra Lahiri, M.A. Published 
by the Bharati Mahavidyalaya, 170, Manicktalla 
Street, Calcutta. Pages 56, Price Re. 1/-. 

Astronomical P^phemeris contains tables showing 
planetary co-ordinates for each day. The present 
Ephemeris under review contains daily longitudes of 
the Sun, the Moon and the planets, sidereal time for 
noon, latitudes, declinations and meridian passages of 
planets for each alternate day, and many other astro- 
nomical data mainly required by the astrologers. 
Students of astronomy would also be l)encfitcd by 
this booklet, as the planetary position given therein 
would help them to identify the planets. The longi- 
tudes and latitudes of principal stars that have been 
given in this Ephemeris will be found very useful for 
researchers in Hindu astronomy. As the booklet is 
intended for Indian students, the planetary [lositions 
on the Nirayana basis have been given instead of on 
the Sayana or tropical basis. We hope that it will 
prove very useful to those who are interested in astro- 
nomy as well as in astrology. 


Intermediate Practical Phyeice— By D. B. vSiniia, 

Bodern Book Agency, Calcutta. Price Rs. 2/-. 

The writing of a practical book on science course 
always .seems to be a difficult job. It is particularly 
so if such a book is intended for young students going 
for the first time to cultivate their acquaintance with 
science and its methods. Creation of the habit of 
systematic observation and methodical procedure 
during the conduct of an experiment with a real dis- 
like for Tiiechanical approach without understanding 
and, above all, of an abiding interest in the principles 
and methods of science should and must be the aim 
in writing a practical book on a science subject, on 
phy.sics in particular. It is not unoften that such 
l>ooks fail to fulfil this aim and that new publica- 
tions are hardly any improvement on old ones. 
Mr Sinha’s ‘Intermediate Practical Physics* appears 
from the.se considerations to be a real improvement 
on the number of practical books now in existence. 
The happy choice of ex])eriiTients, the sinqdc and 
accurate description of the methods, rcprcxluction of 
neat diagrammes, tables and graphs, wherever 
necessary, and various notes and suggestions for 
success in experiments are largely calculated to fulfil 
this aim which alone justifies its publication, and as 
such the book deserves wide notice among teachers 
and students of Indian universities. 


Af. iV. S. 


S. N. .S. 
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LETTERS TO THE EDITOR 

[The editors arc not responsible for the views expressed in the letters.] 


ON BALANCING PARAMETERS 

1 1 has been oliserved in the papers/* * written 
by tlic author that the design of experiments consists 
of the ftmdaTiiental problem which is sought to be 
solved with the help of the problem of balancing, 
which depends on the information supplied by the 
design on estimable parametric functions. Informa- 
tion on any parametric function can be obtained by 
coiiii)aring its efficiency with the efficiency of its 
e.stimatc from a standard design. We say that there 
is balance with respect to a set of independent para- 
metric functions if the information as calculated above 
is the same on all. It has iK^en already shown that if 
there is balance with resi^ect to a set of independent 
parametric functions then the information on any 
linear function of the parametric functions is equal to 
the loss on any one of the latter functions. A dis- 
cussion of the problem of balancing which consists 
in the choice of balancing parameters is given in this 
note. The details of the proofs of the various state- 
ments will be given in an elaborate paper to be 
published ill Sankhya. 

The fundamental problem is that there are v 
Ireatments (varietal or factorial) to be tested in b 
blocks of .sizes kj, k*. k,, . . . . k,,, the i-tli Ireat- 
nieiit being replicated r^ times and the i-th and the 
j-th treatments occurring together Ajj times. The 
analysis of this general design has been given by 
the author^ and it was found that the estimating 
ejjuations are 

)-i:cov(Q,Qj) . ( 2 . 1 ) 

where Q, -the sum of observed yields on the i-lh 
ircaliiieiit --the block means in which it occurs. 

In the case k,-ka = . . . .-kb=k, the oiuation 
becomes 

Q. a. j tj ( 2 . 2 ) 

where an -y. lk--l)/k, aij -= -- A,:/k 

and ti is the j-th treatment effect. 

The matrix A~(a,j) plays the fundaiiumtal 

role in our investigations. The following properties 
1 ave been found out. 

(a) The rank of A is less than v and is e<iual to 
the number of Q*s which are linearly 
functionally independent. 


(b) There exists a dual relation between the Q*s 
and tlie t's such that if 

2;C.Q.==0 ... . (3b.i) 

then the parametric function 

Cl t, ... . (3b.2) 

cannot be estimated, so that the number of 
degrees of freedom 'confounded is e(iual to 
the number of independent linear functional 
relationships among the Q*s. 

(c) There cannot be any non-vanishing linear 
function of Q*s whose expectation is zero. 

(d) A linear combination of non-estimable and 
estimable parametric functions is also non- 
estimable provided the co-efficients are not 
such that the linear function of non- 
estimable functions becomes null. 

(a) If the rank of A = (v~t) then 

(t) the co-factor of a„ is +ve and is inde- 
dent of i 

(n) the treatment differences are uniriuely 
estimable and 


V(t.-~ti) = 


co-factor of( ) 

\ a. j aii J 

co-factor of an 


(/) If, in general 2 a Q and 2 b Q are the 
estimates of 2 It and 2 mt then their vari- 
ances and co-variances are 
/2al 2am\ 

I 2 bl 2 bm y 


(g) Rvery design can be broken up into parts 
in which (e) holds good. 

This result is independent of the restriction of 
the cqualii/ of block .sixes. 


With the help of (c) it has been found that 
the balancing parameters introduced in the case of 
partially balanced’, intra and inter-group balanced^, 
(juasifactorial’ and balanced factorial**' (symmetrical 
or asymmetrical) designs come out as solutions to a 
mathematical problem. »Several hybrids of these 
designs have been incidentally found out. 

Certain methods have been developed to 
investigate into the role of the balancing parameters 
ill the confounded arrangements of the symmetrical 
factorial designs and the conditions under which the 
principle of the generalised interaction* holds good 
have been studied. 
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Some results in the third paraii^raph are true, in 
general, for the estimating equations of a set of obser- 
vational equations with expectations as linear func- 
tions obtained by the method of least scjuares. 

C. Radhakrishna Rao 

Statistical Lalx)ratory, 

Calcutta, 18-1-T944. 

' Rao, C. R., Thesis .siibniitlod to the Calcutta I’niversilv, 
1943. 

• Cunent Science, 12, .^2-23, 1943. 

*, \ \ •• ' Nair and Rao, Sciknck and Culture, 7, 313, 1941 
7, 361, 457, 608, 615, UM2. 


RADIO INVESTIGATION OF AIR MOVEMENT IN THE 
UPPER ATMOSPHERE 

Invksti(;.\ti<ix of eddies and circulation in the 
earth’s upper altiiospliere may be greatly aided by 
reduction of observations of long-range very-high 
frequency radio signals. It is fairly well known that 
propagation of wave trains of the order of 60,000 
kes./sec. is possible from small plane areas, or 
patches, or clouds of cxlremely high ionic density 
within the “E” region. This is conuiionly referred 
to as sporadic “K”, (1\ ). 

A consideration of a particular manifestation 
of has been examined by the writer. Very exten- 
sive observations in North America on June 5, 1938 
and July 22, 193S have been reduced. On both 
occasions the apparent skip distance was observed to 
drift at a specific rate of speed. 

The skip distance, or the far boundary of the 
zone of silence, on the first occasion iirogressed 850 
km. in i hour and 50 minutes. On the latter occa- 
sion, it was observed to progress over 900 kin. in 
I hour and 40 minutes. 

With correlating data from the Chcltemham 
Magnetic Observatory on the virtual height (115 km.) 
and ionic density (exceeding 3*5 x lo* free electrons 
l»er c.c.) an estimate of the lateral drift of the sharply- 
defined discontinuity was prepared. The average 
velocity of drift was found to be 120 km /hour. In 
the first case the eddy was indicative of an casternly 
air current. In the latter the flow was apparently 
from the southeast. 

Through the co-operation of Dr Charles P . 
Oliver, Director of the Cook and the Flow^er Astro- 
nomical Observatories, twenty-flve selected long- 
enduring meteor trains were applied as a partial con- 
firmation of this hypothesis'. It w'as immediately 


noticed that the predominant drift over the North 
American continent was to the north, lending west. 
The average of the two values, measur;.(l and 
assumed for night trains at 88 kni. was 194 kni./hour. 
Although there were* indications of increasing ciiviila- 
tion with increasing heights no specific inferences 
could be drawn. Undoubtedly, however, considci- 
able instability exists in this region. 

The findings of Dr Oliver were in opposition lo 
those of Kahike*. Tiirbnlence and eddies of 100 
km. /hour at heights from to iro km. arc among 
his 26 observations. Kablke and Darnard'* ulili/ing 
80 examples found a pnrvailing easterly iMr)veiiKMit 
at night, indicaling a west wind. 

Theoretically, if the atmosphere at pj kni. 
becomes a few degrees wanner (hiring llie (laylighl 
hours, air circulation will be from the niglit areas 
to the daylight areas at certain heights. At nominal 
altitudes above this the prevailing wind shall lie con- 
tinually 180 degrees out of phase. 'J'lie eslaldislimeiit 
of these heights can be greatly aided by reduction 
of variations in the skij) distance during periods of 
E,. 

0 PkRRV FKRKKf.l, 

U. S. Army Forces, (A.S.N. 3226808 

Cliillngong, 15-2-1944. 

^ Proc. Amer. Phil. Soc., Oliver, C. I*., SS, 2, 1942. 

* Mrieonscliweife und Hoclialtiiospliarisohe Wind stroninn- 
geii, Ann. HydroKn, 49. 21M-299. 

^Sidereal Messenger, /, 174-180. 


TOTAL ALKALOIDS IN ALSTOMA SCHOLARS 
I 

Tin? letter published by Mr J. N. Raksliit in 
vSciKNCK AND Cul.TURK (o, 302-303, 1943-44) Under the 
above caption needs sonic comments .since be makes 
certain statements which arc open to correction. 

The author suggests a now method for the isola- 
tion of total alkaloids and has further reconnnciuled 
this method for commercial and pharmaceutical 
valuation. He has by his method, discovered the 
presence of 2'q to 112 jycr cent of ‘total alkaloids as 
sulphates* in the dried bark, whereas all previous 
workers’ have never found in any of the ten 
Alstonia species so far studied, c.g., (i) Alsionia con- 
stficta, (2) A. macrophylla, (3) A. somosetensis, (4) 
A. villosa, (5) A. vcrticillosa, (6) A. scholaris, (7) A. 
angustiloba, (8) A. congensis, (9) A. gillclii, (10) A. 
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spathulata any figure higher tlian i'6i per cent 
( variation —0* I to i'6i per cent) as ‘total alkaloids’. 

We need not at all refer to our own finding* 
which have only corroborated the alK>ve. The 
authorities on alkaloids did not of course “presume” 
that all water-soluble substances having basic pro- 
perties were ‘alkaloids* and hence they never attained 
a figure as high as 11*2 per cent. 

The author has taken his second stand on the 
better antiiiialarial action of the ‘total alkaloids' 
isolated by him in comparison to those isolated by 
‘standard* methods. We shall eagerly await the 
publication of these figures which have l^eeii “investi- 
gated by medical men cJchaustivcly*' but it is perhaps 
(]uite pertinent to remark that a “febrifuge** is not 
ncce.ssarily a specific “antimalarial**. A temporary 
reduction in lemi)crature is often brought about by 
a host of so-called ‘antimalariiils* but a real anti- 
malarian from natural sources to reidacc quinine is 
yet to come. 

A. T. Dutt 

Department of Clu iiiistrv, 

School of Tropical iSIedicinc, 

Calcutta, 22-2-1944- 

' Henry, 'Plant and Alkiiloids’, .Vd iMitimi, llkiJ). 

*We.Iiiner, 'Die i'ffiui/rnsU.ffi*’, UMO. 

^Jour, Chem. Soc., 2020. 1!W2; 287, 1934; 1227, 1934; 

1938. 

* Mukherji, Ghosh and Siddoiis, imi. Med. ('.ar:., 77, 323, 
1942. 


II 

The following fundamental properties of vege- 
table alkaloids were missed by former investigators 
on this drug : 

(1) So/iibi/i/y— Several prominent alkaloids (like 
morphine) arc quite sparingly soluble in 
immiscible solvents, wliich were used in 
extraction of bases from Alstonia barks. 

(2) Stability —Some alkaloids are weak and can- 
not stand alkalies, and this fact was formerly 
recorded by Sharp*. 

Consequently attempts to support the previous 
results cannot be justified. Pending coni])letion of 
my research I note that some of the Alstonia alkaloids 
are like morphine in solubility, and delicate like 
several others present in opium. The .so-called 
authorities will miss most of morphine if they apply 
their old method to opium or poppy capsules for 
extraction of total alkaloids. 


Medical men, including Dr Bidhan Chandra Roy 
had already expressed their views in daily papers 
about curative properties of these long over-looked 
alkaloids. I however, did not notice any report from 
these men with vast private practice whether they 
tried the drug on the monkey or the bird. It will not 
l>e wise in this connection to ignore that some cases 
of malaria are self-terminating, and an appreciable 
proportion of popularity of quinine is due to this fact. 

J. N. Rakshit 

Calcutta, 15-4-1944. 

‘ Sharp, T. M., Jour. Chem. See., 288, 1934. 


EFFECT OF VERNALIZATION AND PHOTOPERIOD 
ON LATE SOWN AMAN PADDY 

Thk extensive loss of amaii i>addy by floods in 
different parts of Bengal is well known. In these 
areas the cultivators try a second crop, after the 
flofKl has .subsided. But the yield of these sowings 
is very meagre, owing to the shortness of the vege- 
tative i)eriod. Hxi)eriments in the Department of 
Agriculture show that the flowering of aman paddy is 
fixed within a short range of time, in the latter half 
of October in var. Bhasamanik and Jhingasail, even 
with wide difference in sowing lime (February to 
August), and if the sowing be greatly delayed (Octo- 
ber to December) plants remain vegetative in the 
winter, flowering in March-April. Sircar* observes 
that aman paddy flowers \vith the approach of short 
day.s of winter and has retwrted an carliness of flower- 
ing ill plants exposed to .short photoperiod. 

It thus becomes a :;reat interest to investigate 
how far late sowings after the flood has subsided can 
be made to flower earlier and produce belter yields 
by presowing low temperature treatments and by 
photoperiodic effects. The following experiments 
were therefore designed, growing a high yielding 
var. Bhasamanik in suitable pots with sufficient 
number of replicates. Seeds of all the treatments 
were sown on 2-9-43 and the re.sults are given below. 

Vernalization : Seeds were soaked in w'ater for 
48 hours and vernalized at 2-4®C. in a moist chamber 
for 10 and 20 days and sown in pots with untreated 
sced.s as control. It was found that the treated plants 
in I>olIi the sets flowered about 10 days later^and the 
plants showed general deterioration in their growth 
and general vigour. 

PholopcHodic effects: vSeeds vernalized at 
(ist set) were sown with untreated seeds (2nd 
set) in pots and exposed to 8 hours sunlight daily* 
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by transferring the pots to a dark room for about 3 
hours ill the afternoon for 20 days. Seedlings of 
these two treatments as well as those which served 
as controls were transplanted after 20 days. It was 
found that in the ist set exposed to short photo- 
period after low temperature treatment flowering was 
ilelayed by q days and in the second set exposed the 
short photoperiod by 16 days. In this case also 
the treated plants showed a deterioration in their 
vegetative growth and general vigour. 

It is thus seen that presowing low temperature 
treatments and exposing the seedlings to short 
photoperiods in late sown aman paddy delays the 011- 
^ft of flowxTing and there is no increase in vegeta- 
tive growth and yield. It will' however be of in- 
terest to investigate how far presowing high tempe- 
rature treatment is of influence to aiiian paddy in 
view of the fact that Hedayetullah and vSen'' recorded 
an earliness with increased yield due to such treat- 
ment and there are similar records with many other 
tropical plants. 

J. C. Skn Oui-i'A 
Nirad Kumar Skn 

totally Department, 

Presidency College, 

Calcutta, 27-.1-I044- 

' Sirvar, S. M., IMiotoporiodic response in one variety of 
winter paddy, Jour. Ind. hot. Soc., pp. 41-50, 1942. 
lltMliivelullah, S. and Sen, Nirad Knniar, Vernalization of 
Rice, SCIKNCR ANii ClJUrKK, 9, litiS, UMl. 


THE SEED STRUCTURE OF IPOMOEA, A CRITICISM 

An abstract of a paper by Dr Woodcock', which 
lias just come to hand, says that in Ipomoca rubro- 
cdcruJca Hook, the ovule “has no distinct integu- 
iiieiit and the micropyle is formed by an invagination 
at the end of the ovule next to the funiculus”. Ihe 
statement regarding absence of a “distinct” integii- 
ineiit is astonishing as it is not borne out by the 
llgures or descriptions of any of the previous workers 
on the family or even the genus Ipomoea. Kenyan", 
Jtiliano" and Raghava Rao‘ have all reported a 
massive integument and a long and narrow inicro- 
pyle ill a number of species of Ipomoca. 

Unfortunately Dr Woodcock’s full pajier is not 
available at the time of writing but from the 
.summary (prepared by his own self), it appears that 
be did not study the initial stages in the develoj)- 
uient of the . ovule. An integument is certainly 
present but the nucellus is ephemeral. The micro- 
pyle cannot be an “iiivaginaton” but a continuous 
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passage extending from the surface of the ovule right 
up to the embryo sac. After fertilisation has been 
accomplished it begins to be occluded and is probably 
not anatomically demonstrable except in the distal 
region of the ovule, thus giving the false impression 
of having arisen as an “invagination”. In non- 
median sections it may not be seen at all and either 
the integument may then be mistaken for the 
nucellus, which is however no longer present, or no 
distinction between the two tissues may be ai)parent 
even to a trained observer. 

Even so recently as 1938, Houk’’ failed to see a 
separate nucellus and iiitcgunieiit in coflee and in 
hLs coiifUvSion stated that the tissue in this region 
should be regarded as “integumeiit-iiucellus”. 
Mendes* and several other workers have how'ever 
proved that both nucellus and integument are formed 
quite normally but the former soon disappears as is 
usual in most Sympctalae. In another genus, 
Fouquicria, Johansen^ described a “massive” 
nucellus, but Khan" has shown that what he was 
looking at was the inner integument and that the 
nucellus had disappeared long before. 

The morphology of the seed is so difficult that 
it is often quite inii)ossil)le to understand it correctly 
without first studying the stages leading to its 
develoi)ment. If one has onl\’ the older stages before 
him, he is very apt to mistake two adjacent ti.ssues 
for each other, or get into a muddle in trying to 
account for two ti.ssues (integument and nucellus) 
when one (the nucellus) has already degenerated and 
disappeared. 

Ilotany Department, 

Dacca University, P. Mahkshwari 

Dacca, 


' Wtxxlcork, K. F., Svnl (ievelupnieiil in iiioriiiiig-glciry 
{Ipomoea riibro vacnilea Iliwk). rapem MicUifiau Acad. 
.SVf. Arts & l.ett. 28. 209-212, 1943. 

* Kviiyaii, 1'. M. .\ tnurpliulogii'al and ('vtnlogii-al sliidy 

uf Ipoftwea trifida. Bull. Torr. Hot. Club, 55, 499, 512, 
1929. 

'^Jiiliaiiu, J. n., yifirpliologv of the swret ixilato, Ipomoea 
batatu.s (Ivinii.) Poir. Philippine Afiri.. 23. 833-858. 1935. 

* Raghava Raci, K. \'., ('tainvtogvne^iN and viiihryogfiiy in 

live species of Ihe Coiivolviilaceae. Jour. Ind. hot. Soc., 
19. 53-70, IIMO. 

■' iloiik, \V. Ct., ICndohpcrin and rcrisiKTin of Coffee with 
iiofes on the inorphologv of the ovule and .seed develop- 
ment. Amer. four. Hot'.. 25. 56-61, 19.38. 

* Mendes, A. J. T., Cytologicul ohservutioiis in Coffea IV. 

ICinhrvo anil endosperm development in Coffea arahlca 
h. A'mer. Jour. fjot.. 28. 784-7W9. 1941. 

^Johnn.sen, D. A., Morphology and embryology of Fouquie- 
via. Amer. Jour. Hot., 23. 95-99, 1936. 

* Khan, Reayat', The ovule and embryo sac of Fouquicria. 

Proc. Nat. Inst. Scl. India, 9, 253-256, 1943. 
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CULTURE OF DAPHNiA 

Rkakino fish in ponds depends much on proper 
food supply. Ainong various kinds of food, micros- 
copic crustaceans form an ideal food for fish iii 
)?ciicral and some of the maior Carps^ in particular. 
The acute demand of the tliree fundamental in- 
gredients of food material namely, carbohydrates, 
proteins and fats can readily be got in a crustacean 
like Daphnia- tha microscopic water-flea. 

Culture of such minute crustacean like Daphnia 
is essential as they arc thinned out at least for two 
periods during a year i,c., in July- August and 
December-January. The flourishing periods for 
Daphnia have two seasons in a year, one from 
February to April and another from September to 
November. Their rate of growth goes down after 
April as majority of them cannot stand a temperature 
higher than Daphnia longispina forms the best 

tyiHj of fcK)d-crustacca as it can stand the greater 
range of temperature from 7o°F. to 82® F. and also 
alkaline water, while other allied crustaceans like 
liosmina, Moina and Ceriodaphnia cannot tolerate 
such high tenijieralurc nor high alkaline water. Most 
of the Daphnia have decided tastes regarding food. 
Daphnia longispina prefers green algae whereas 
Bosmina and Ceriodaphnia like Diatoms and Protozoa. 
For this sort of variation regarding preference of 
food one must acquaint himself with the food-habit 
of a iiarticular crustacean before he can try for its 
culture. 

breeding of Daphnia has two definite forms of 
rciirodiiction : (i) asexual, (2) sexual. The first foini 
of propagation is done by parthcnogcnctic females 
which can produce eggs that develop into adult 
forms without being fertilized by a male. The 
number of eggs in such females varies, in minute 
Ceriodaphnia the number is only two, but the usual 
number in large Daphnia is more than twenty. Such 
eggs are nourished in the brood-case till they are 
hatched out as minute adults. This mode of repro- 
duction goes on regularly until the advent of the 
unfavourable circumstances, such as, variation of 
temperature, accumulation of excessive metabolic 
waste products, external enemies, over pojndation 
and scarcity of food. AVith the advent of unfavour- 
able conditions mentioned above normal females and 
males are hatched from .such partheiiogenetic.eggs. 
These normal females can produce one or two large 
and opaque, thick-walled eggs. These are called the 
winter-eggs although they have nothing to do v*dth 
winter season, specially in a tropical country. Such 
winter-eggs are lodged in special chamber called 
ephippium till the next favourable season for develo])- 
nient. 

From the alxive data it is evident that in order 
to have a controlled breeding of Daphnia we should 


concentrate our attention to have an artifleial culture 
of parthenogenetic females which can produce 
Daphnia for the greater period in a year. To have a 
dense culture of Daphnia several kinds of fertilizers 
such as .soyabean, dried milk products^ raw meat, 
blood, manure of chicken, have already been advo- 
cated by previous workers. The above fertilizers are 
admirable for aquarium but they are almost useless 
for bigger waters such as ponds and lakes, not only 
for their procurement but also due to excessive co.st 
in a poor country like India. 

In order to have a continued mass culture of 
Daphnia at a minimum cost, the following methods 
may be adopted. If we have five large cement tanks 
or five earthen ‘gamlas’ with thin cement coating, 
then these can be used as vessels for culturing 
Daphnia. Green algae and cow-dung can be u.sed as 
a manure for culturing such Daphnia. The satis- 
factory result can be had within twenty one days, by 
adding five gallons of deep green water (algae) and 
ten pounds of fresh cow-dung in hundred cubic feet 
of water. We should not start culturing Daphnia in 
lhe.se ‘gamlas* all at once but should use each ‘gaiiila’ 
at an interval of five days, so that after three weeks 
we will be able to use the culture of the first *gainla* 
for a period of five days. By that time the second 
‘gainla* will be matured for use for a iieriod of next 
five days and so forth ; so that after five such opera- 
tions, we should rejieat the entire process again witli 
first and the next four in a linear .series. Tin's 
method will enable us to give a continued supply of 
Daphnia without the advent of unfavourable circum- 
stances mentioned above which develop the iiorinal 
male and female from partheiiogenetie eggs iillimalcly 
forming winter-eggs. 

The most useful and everlasting way of main- 
taining the seeds for culturing Daphnia which luis 
not been recorded by previous workers is to keej) 
the W’intcr-eggs which can be had readily by drying 
up of the culturing ‘mamlas*. These winter-eggs 
will lie in a dormant state for a good length of time 
and on getting in touch with water they will readily 
germinate. We have observed in many occasions 
such germination of winter-eggs on coining in con- 
tact with water. 

T.aslly we like to suggest another easy mellnMl 
of culturing Daphnia which in reality turning a curse 
to a blessing. \Ve have often observed that whenever 
the covering ])1ants like water-hyacinth or pistia are 
removed from the \yater surface of a pond to tlie 
adjacent area for drying and when these dried water- 
hyacinth or pistia are again put into the pond either 
accidently or wilfully they act as a very good iiiamire 
for ailtiiring Daphnia, a few of which are already 
in the pond. They act as .seeds and genninate to 
a huge quantity that it can serve the purpose of 
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feeding the fry and fish in adequate quantity in any 
pond. 

Wc have much pleasure in thanking the Adair 
Dutt Research Fund Committee of the Tndiaii Science 
News Association for the scholarship which enabled 
us to carry out the work. 

H. K. M(X)kkrjkj*: 
S. N. Ghosh 

Zoological Laboratory, 

University Science College, ^ 

Calcutta, 17-4-19/14. 

' Mf)okerjee, H. K., Food of I'resli water fisli. SciiiNXK and 
CuijiTRE, 9, 306, 1644. 


ON THE LACTIC ACn> FERMENTATION OF MOLASSES 
BY LACTOBACILLUS BULGARiCUS 

Gnu of the most importanl uses for Lactobacillus 
hulgaricus has been in the commercial production of 
lactic acid from some cheaiicr stiurce of carbohydrates 
such as whey. But the production of the acid is in 
many cases a slow process. Recent researches*' 
however tend to show that the fermentation may be 
accelerated by incorporation of some accessory 
milrients like riboflavin, pantothenic acid and/or 
nicotinic acid. Pan ct aV have noticed that in the 
fermentation of molasses by a selective strain of L. 
dcibruckii malt sprouts alone serve as tlie proper 
nutrient .source. In order to shorten the i)criod of 
fermentation attention has also been diverted towards 
certain other factors such as the concentration of 
sugar, maintenance of on the acid side, and the 
temperature of the fermentation. 

In connection with a lactic acid fermentation 
work that is being carried out in this Liiboratory, it 
is being noticed that a mash made from inverted 
molasses and adjusted to contain a sugar concentra- 
tion of about 10 per cent, undergoes fermentation with 
a culture of L. bulgaricus maintained on steriliy.cd 
skim-milk, even when incubated at 37^0 —the acces- 
sary nutrient being supplied from yeast extract. 
Siib.stituting the yeast extract by a concentrate from 
liver extract, the sugar is being found to undergo 
about 60 per cent conversion within 24 hrs. and to 
complete fermentation to lactic acid within 48 hrs. 
The pH, of course, Avas maintained on the acid side 
with the addition of sterile calcium carbonate. Malt 
sprouts gave no better result. The importance of liver 
extract has been previously noticed by Snell, Strong 
and Peterson’ in lactic acid fermentation. The 
optimum temperature of fermentation by L. buIgarL 
cus has generally been found to vary from 43® to 50°C. 
Accordingly, further work is in progres.s to find out 


the factor or factors that might be responsible for 
accelerating this fermentation by L, bulgaricus even 
at 37®C, 

Our thanks are due to I>r U. P. Basil for his 
interest in this work. 

N. C. Dky 
M. C. Mai.akar 

Bengal Immunity Research Laboratory, 

Calcutta, 28-4-1944. 

‘ Koser and Felixs'innders, Bad. Rev., 2, 117, 1938. 

•Pan, Pelerson and Johnson, lud. Rug. Chem., 32, 709, 1940. 

• Snell, Strong and Peterson, Bioclicm. Jour., 31, 1789, 1937. 

• llhagvnt and Sekhoti, Current Science, 13, 4S, 1944. 


A NOTE ON THE PRELIMINARY STUDIES ON THE 

EFFECTS OF X-IRRADIATION UPON GROWTH 
AND DEVELOPMENT OF JUTE PLANT 

Thk elYects of X-rays on seeds and .seedlings of 
various plants have been .studied by a number of 
workers. The results ol>tained in different cases show 
contradictory statements rind so from these it is not 
quite po.ssible to make any definite conclusion about 
the effect of X-rays on seeds and seedlings in general. 
Several investigators have shown that radiation pro- 
duces cytogenetic alterations in plants. Kocrnicke** 
(higer’, Kirtiiuro^ and Pekarek” have shown that as 
a result of exposure to heavy closes of X-rays the 
following nuclear changes may take place : striking 
chromosomal disruptions, cliim])ed, broken or frag- 
mented chromosomes, chromatin bridges between 
daughter nuclei, nuclear aberrations, etc. In com- 
parison t«> the large amount of work done on nuclear 
alteration, very little has been done to show the 
variation of form and changes in internal structure. 
Johnson* has observed in Sunflower and Tomato, the 
elongation of cells of tlie radicle tip, great vacuolation 
of cells, and absence of nuclei from many cells, in- 
crease of xyleiii at the expense of the inth, greater 
suberin development in the hyiM)cotyl region, etc. 
As regards the external features, she has noticed the 
following changes : fascination in stems, leaves and 
flowers, almormality in the shape and size of the 
leaves, development of many lateral branches thus 
causing the plant to assume a bushy appearance, 
abnormalities in flower parts, delay in fruit develop- 
ment, changes in the internal structure of fruits such 
as, greater development of placenta and an almost 
total absence of seeds. 

The present work was undertaken to study the 
general external and internal structure and behaviour 
of Jute plants {Corchorus cap.sularis (D. 154) and 
C\ olitorius (Chinsura green) raised from irradiated 
seeds. 
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Two sets of experiments were carried on, one 
with dry seeds and the other with seeds soaked in 
water for a i)eriod of 6 hours. Seeds were treated 
with different doses of X-rays varyinj? from 202*5 r 
to 6720 r and three different kinds of rays were given, 
namely, soft, medium and penetrating in different 
eases. 

A detailed account of the results obtained will 
l)e given in a fuller paper to be published elsewhere, 
but a summary of the results is given as follows. 

(1) Plants raised from irradiated seeds ap|)ear to lose 
tlieir vitality during early stages of their growth but 
later on their growth rate becomes enhanced. 

(2) Some of the irradiated plants show l)ifurcation of 
tile tip at an early stage of growth and some assume 
a bushy appearcnce on account of vigorous lateral 
branching. (3) Some plants have two or three leaves 
in one internodc in contrast to the normal alternate 
phyllotaxy of the plant. (4) In some cases delay in 
flowering causal by irradiation is marked. (5) Amount 
of woody tissues (xylem) increases due to irradiation. 
(6) Number of fibre cells appear to be increased in 
some cases, but the .shaiie and size of the fibres are 
found to be unchanged. (7) Action of X-rays on 
moist seeds is more vigorous than that on dry ones. 

The present study on the effects of X-rays on 
Jute seeds both dry and wet show some characteri.s- 
tic changes though none of them is dominant and no 
particular effect is common to evcr>' individual. In 
our experiments the rate of germination was enhanced 
ill the seeds of Corchorus capsularis treated with soft 
heavy doses and light penetrating doses, but no such 
effect was observed in those of C. olitorius. Accord- 
ing to Altman' and others, and Kocrnicke, growth 
of seedlings became rapid when they were Ireatal 
with weak doses of X-rays ; but I have found that 
the rate of growth of all the irradiated seedlings was 
very slow to start with but after a time they revived 
and began to grow vigorously. Johnson observed 
changes in the shape and size of the leaves, but 110 
such diange has been observed in jute plants. 

I take this opportunity of thanking Dr N. Das 
(lUpta of the University College of Science, Calcutta 
for kindly making arrangements for exposing the 
seeds to the action of X-rays. The cxiiosures were 
given in the laboratories of the University College of 
Science, the Science As.sociation and in the Chitta- 
ranjaii Sevasadan. 

B. C. Kundu. 

Botanical Laboratory, 

Presidency College, 

Calcutta, 1-5-1944. 

' Koernicke, M., Cber die Wirkutig voii Ruiitgeii mid 
Radium Strnhlcii auf. pflanziche (lewebe 
mid Zellen. Her. Dcut, Bot. Ces., 23, 
404-415, 1905. 


* t'ber die Wirkutig versliieden starker 

Rdntgeuslrahleii auf Keittiutig uud 
Wac]i.stuiii bei den liohereii Pilanzeii. 
Jahr. Wiss. Boi„ S6, 416-430, 1915. 

* Gager, C. S., Some effects of radioactivity on plants, 

Scieucc, 25, 264, 1907. 

^ Kr>muro, IT., Cytological and phy.<iiologjcal changes in 
Vida faba irradiated with Rontgen rays. Hot, Gaz., 
77, 446-452, 1924. 

Pekarek, J., Uber den Einfluss der Roiitgeiistralileii auf 
die Kern und Zellteilung bei Wurtzelspitzen von Vida 
faba. Vlania, 4, 299-357, 1927. 

•Jolinsoii, !•'. L., Effects of X-rays on green plants. Chap- 
ter XXIX ill Biological effects of radiation by B. M. 
Duggar, Me. Gusv Hill Book Co., New York and 
London, 1936. 

’ .\Uman, V., Roclileiii, D. and Oleicbgewicht, E., Pber den 
cntwickluiigshcmiiieiiden Eiuiluss der Rontgenstralileii,. 
Fortsdi. Geb. Roni^eudr., 31, 51-62, 1923. 


ON THE SPONTANEOUS FISSION OF URANIUM 

During the course of their inve.stigatioii tm the 
chemical i>roperties of the so-called “transuranic** 
elements, Hahn and Strassmann' suggested that 
uranium nucleus breaks up into two parts of com- 
parable sizes, a barium nucleus (Z=5fi) and a krypton 
miclcus (Z = 36). The first theoretical interpretation 
of this observation was given by Meitner and P'risch*. 
According to them the nucleus is like a litpiid drop 
subject to the following forces : (0 a short range 11011- 
dcclrical force, only acting between the neighbouring 
particles ; this is proportional to the total number A 
of the particles in the nucleus, (ii) a force analogous 
to surface tension, also proportional to some power of 
A and {Hi) a repulsive coulomb force, proportional lo 
the square of the number of protons Z, and is opposed 
to the surface force. Just as a drop of liquid, when 
set into vibration may split into two drops, so might 
a nucleus. This becomes more probable for heavy 
nuclei, because of an effective reduction of surface 
tension, resulting from increasing nuclear charge. 
The actual nucleus will be stable .so long as the sum 
total of the electrostatic and surface tension energy 
has a minimum for the spherical shape. With in- 
creasing si/.c and charge of the nficleus, this miniimiin 
would flatten and would be expected to disappear for 
some critical value of Z. Nuclei of greater Z would 
break apart. Bohr and Wheeler'* have considered the 
stability of a nucleus (A, Z), against small arbitrary 
deformations, and have shown that there is a limiting 
z* 

value of beyond which a nucleus is no longer 

stable with respect to deformations of the .simplest 
type. They .show that this ratio is greater by 17 

cent than the value of ^ for U*®*. Such nuclei are 

therefore near the limit of stability and it is possible 
to calculate the potential energy necessary to deform 
the nucleus sufficiently to produce division. The value 
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of til is deformation potenlial has been calculated for 
Th, Pa and IJ nuclei and they are found to vary 
between h’Q to 5*0 MeV. When a 

nciilron is captured by such a nucleus, a compound 
nucleus in an excited state is formed and if the 
energy of excitation is greater than the energy of 
fission U/i fission will usually occur. 'Hie detailed 
i()mi>arison of the calculated i)robabilities of different 
r, Pa and Th nuclei lead to good ugreement with 
L-xperimental results. The results obtained so far are 
based purely upon classical mechanics consideration 
which is in agreement with the fact that the zero 
point energy of the nucleus is found to be alwut 
1 '15th of the energy of fission R/. The statistical 
distribution in size of the fragments of fis.sion depends 
1)11 the complicated dynamics of tlie dividing nucleus, 
'file theory is not developed enough to give this dis- 
Iribiitioii, but does indicate that there is a wide 
range of possilde fragments even for energies slightly 
greater than tlie critical energy. 

Turning to the *iuantum mechanical aspect of the 
problem, we have to consider the possibility of the 
‘'tunnel effect^* which will make it possible for the 
nucleus to divide even in its ground state by jiass'ige 
ilirough a portion of configuration space where 
classically the kinetic energy is negative, llohr and 
W heeler have calculated the fission ]>robabilily Ay on 
ceilaiii simplifying assumptions which include that 
the expression (V-Iv) in the (iamow function is of the 
order of K/, /.c., () Me\'. The mean life is found 
in he of the order of io'‘’“ years, 'fliis calculated value 
is however only approximate. 

The nature of the fission products induced by 
iieiUron boinbardmeiit lias been investigated by 
cither chemical or iiliysical methods. In tlie former 
iiiellnid small aiiiounts of chemical elements are intro- 
«luced as carriers and arc then separated Iiy the 
known analytical methods. The radioactivity .»f the 
products arc studied with the help of G-AI counters, 
'fhis method gives only the chemical nature (depen- 
<lciit on nuclear charge Z) and not the mass A of the 
lissioii products ; the latter must also he radio-active 
to he detectable. Hy Ibis metluKl, So different kinds 
of atoms belonging to 23 different elements liave been 
'letecled.'’ The physical niethod depends upon the 
'’iiiinltancons determiiiation of the ionisati<m produced 
hy the two fission jirodiicts. From the conservation 
of niomenliim between the fi.ssion products it follows 
that the kinetic energy of each is inversely iiropor- 
lioiial to its mass. This method gives the mass and 
not tile nuclear charge of the fission products and can 
he used to detect both stable and unstable fission pro- 
ducts. Jcntschkc and Praukl' have identified the 
following nuclear fragments produced by predomi- 
uantly thermal neutrons: 

Heavy- -Pr, Nd, element 61, Sm, Eii, Od in thu 
order of decreasing abundance. 


Eight- Rii, Rh," Pd etc. 

Spontaneous rission l^roducls. — Eihhy" searched 
for radioactive imliiie in a sample of pure 
uranium nitrate solution kept undisturbed for 
five years ; he came to the conclusion that the si>cmu- 
iicous fission, if any, must have a half-life jieriod of 
over 10“ years. Experimental evidence for the 
spontaneous fission of uranium nucleus was first re- 
ported hy Petrzhak and h'lcrov'. They used as an 
ionisation chamber, a 15 plate condenser coated with 
thin layers i)f and connected it to a high gain 

amplifier of extremely high resolution. They found 
evidence of such fission occurring at a frequency of 
al^int six per hour. By means of subsidiary experi- 
ments they conchidcd that the pulses could only be 
due to sponlaiieous fission, as their number was loo 
large to be accounted for as being due to atmospheric 
neutrons. The half life of the V miclciis was calcii- 
latcfl to be of the order of 10"' years. 

Due of ns by using an essentially similar 
arrangement, the details of which will be published 
ill Ihe Transactions of the Bose l^cscarch Institute, 
has substantially verified the alxive findings viz. that 
spontaneous fissiem f)f U nucleus occur, which are uol 
due to aliimsphcric neiilroiis and the average lialf 
life is*'^’.^ X 10"* years. The ioiiisatioii pulses are 
counted eitlier by a suitably biassed thyratron relay 
connected with a telei)lume counter or are recorded 
l)hotograi>hically on a slowly moving cine-film by a 
loop oscillograph. An arrangement is being set up 
for the direct ineasnrenicnt »>f the energy of the 
lissioii jirodiicts. 

If the al)ove coiiclusioii is correct, then in very 
old minerals rich in uranium, chemical analysis 
slitmld indicate the i>resence of stable fission pro- 
<Uicts. Recently, a small quantity of a highly coii- 
ceiilraled urunium mineral containing material of 
orange colour (density 5 0-4, hardness :>) from some 
unknown locality in Raj]mtana came to our hands. 
It was found to be three times as radioactive as 
standard UrOr, and appears to he a variety of 
Giimmite. The mineral was subjected to usual group 
separation and the groups to careful spectrographic 
analysis. The following table gives a partial analysis 
of the mineral : 


n ), 

H ,0 

Pbl ) 

Sii ) . Me. 

ThO, 

/ 5 .‘» 

7-25% 

S- 2 h% 


o’ 66 % 

Rare 

Cat) 

NajO 

R..() 

(>ascs 

Itarths 


o‘ 7 ()'V» 


0-20% 

o■^S% 

Ke,U,, 


AU(\ 



«)‘ 2 o'V, 


O‘20'rt. 


The 

lead ratio 

is o’ 1 225. 

The corrected age 


appears to he about S47 million years. The radium 
content, calculate<l from iiraniniii content is about 
2oh mgms. per ton. 
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Spectrojfraphic uualysis revealed the presence 
(le, Sb, Bi, Sr, Ag, Yt, Yb, Gd, La. Absorption 
spectra measureinents (using the micro- technique of 
Hopkins), showed the presence of Nd and Pr. Ce 
was detected by spot-test. It is believed that some 
of the above elements are fission products. 

A comparative chart of elements, formed b\- 
fission of uranium nucleus and identified by different 
mcthoils is given here : 

A . Induced fission : 

(1) Chemical examination : Radioiictive isotopes 
of 

388 ^ 

1 ) 08 **, ots*', 57 *, :)««“, :» 7 ' 

(2) Physical measurements ; 

Lighter fragments with masses from 7/4 lo kki, 
including 

44 »», 4 :)W‘', 4 (if’‘' 

Heavier fragments with masses from i j7-i6j. 
including 59 ^^, elcmcnl fil, 1*40.1 

B. Spoulaneons fission : 

(.0 Chemical examination : 

:i88t , 

•‘dd"', HO*^**, Id' *'. 

It is well-known that radioactive minerals are 
seldom free from rare earths. It is also known that 
older uranium minerals are richer in rare earths 
than the young ones, though there is no apiiarenl 
proportionality between the rare earth and lead 
content. It is suggested that the growth of some 
of them is due to the accumulation of fission frag- 
ments. The above statement can hardly however, be 
made very rigorously. For, very complete analyses 
of uraiiinites have been made by Ilillebrand, Marsh, 
Hauser and others. Their re.sults show that the 
abundance of the individual rare earth elements varies 
lyidely in minerals of different localities and some- 
times occur in large amounts indicating that they 
form the original constituents of the mineral. 

Our expectation that stable fission pnxlucts 
should occur in old uraiiiiiite minerals can be tested 
<iuantitativcly in the following way. The amounts of 
.some of the so-called fission products in several such 
minerals arc lo be deteriiiiiied chemically. If it is 
found that in some of the minerals, two or more of 
the so-callctl fission elements occur in approximateli^ 
equivalent weights, then the occurrence can be taken 
as an indication that they arc pro<luccd bv fi.ssion of 
the uranium nucleus of the same mean life. P'or such 
determinations large quantities of uraninite minerals 
are required ; these are at present not available. 


The authors are deeply indebted to Dr D. M. 
Bose, Director, Bose Institute, for his kind interest, 
helpful suggestions and discussions. 

S. D. Chattkrjkk 
P. B. Sarkar 

Bose Research Institute, 

& 

ITiiiversity College of Science, 

Calcutta, /4 -5-1 944. 
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PHOSPHORESCENCE AFTER GLOW OF SOME 
ALKALI HAUDES 

CRV.ST.Ah.s of sodium chloride, iK»tas.siuiii chloride 
and potassium bromide are fluorescent under X-ray 
irradiation. If the period of exposure l)e sufficienllv 
long these crystals are also discolouretl. The dis- 
coloured crystals i>ossess extra absorption hands 
(F-ccnlres). The same centres can also be pr<Kluced 
by keeping the cry.stals in the vapour of the alkali 
metals at a high temperature. The incehaiiisin 
suggested for this colouration is as follows : Tlu- 
ionic crystals contain usually a number of vacant 
lattice iK)ints (positive and negative ionic positiojis) 
and a number of interstitial atoms frozen in the laltici- 
(in the way of Schottky and Frenkel defects). Tliu 
pho'to-electrons released by X-rays execute a tiort of 
Brownian iiiotiun before they get trapped in one of 
the vacant lattice i.)oints, formerly occupied by a nega- 
tive ion. These trapped electrons can l>e raised to the 
conduction band by absorption of a suitable radiation 
and give rise to a new absorption band. To account 
for the eiiiis.sion we can assume that electrons arc 
priinaril>’ raised to the conduction band and tliiis 
carried to the neighbourhood of the interstitial ions 
where additional level systems are. present ; next tran- 
sition of electrons lo lower Icvel.s may occur with the 
lM>ssibility «>f emission. 

The electrons raised to the conduction band in 
their |iassagc to the radiating centre may get trapped 
in trapping centres. In ionic crystals the followin.g 
trapping centres are theoretically possible : - - 

I. XAicant lattice points (generally negative i«niic 
liositioiis), 2. Tannn's surface levels, 3. Landau’s 
trapping centres. The centres of the type (i) give rise 
to the F and F' centres ; for the existence of (2) ninl 

(3) decisive experimental evidence is not yet available. 

It has been observed that the .after glow iH;rio<l 
for crystals of these compounds can be iticreastnl to 
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a great extent by pressure treatment of the samples. 
Kor a single crystal of sodium chloride or potassium 
chloride prepared in the usual way the after glow 
dies out within half a minute whereas pres.scd blocks 
of the same substance could be prepared which retain 
its after glow for more than 30 minutes (examined 
visually in a dark room). The colouration produced 
in these pres.sed samples also proceeds much more 
quickly than in single crystals and the intensity of 
colouration produced is also greater. Besides these, 
for potas.sium chloride, it has been further observed 
that the stability of colouration is dependent on the 
time of cxi)osure, for example, in the case of 15 
minutes’ X-ray exposure the colouration produced 
vanishes within two hours while that protluced 1)\* 
exposure of one hour or more apijears unchanged 
even after the lapse of days together. 

Now that the samples were prepared by sudden 
application of pressure we can reasonably expect that 
the mode of preparation will cau.se an increased 
number of interstitial atoms together with a similar 
increase in the uuml>er of vacant iiositions since 
Midden apidication of pressure causes local heating 
followed by iminediute cooling. As the Schottky 
defect increases the volume of the crystal, this method 
is not expected to increase the nunilK*r ot Schottky 
defect. This will account for (|uicker colouring of the 
crystals as also tlic increased intensity of colouration. 
The duration of after glow is mainly duo to the 
existence of metastable trapping ecntn.*s whence the 
clectnms can be again .sent to the conduction level 
(and thence to the radiation centre) by the thermal 
energy of the lattice. The increase in the num'Dcr 
of I* centres can account for an c(inal increastr in 
the luimber of such iiielaslable state (F' centres), but 
whether thc.se are sufficient for explaining the 60 — 100 
times increase in the duration of after glow is a matter 
for further investigation and seems unconvincing at 
present. Another possibility is the increase hi the 
Tamm’s surface levels. The method of preparation 
obviously increases the lattice defects ri-., surface 
cracks etc. which will cause fresh trapping centres. 
I'his alone or together with the former possibility may 
account for the present observation. The existence 
of Tamm’s levels was also suggested from the exiKri- 
iiienls of Antonow — Romanowsky^ who found that for 
zinc sulphide phosphorus (under ultraviolet radiation) 
the decay constant, decreases with a decrea.se in 
Ihe particle size. 

The after glow is found to die out asyinplotically 
and the duration period is temperature dependent. 
The decay curve and the exact nature of temjieratnre 
dependence of *<' is receiving proper attention ; the 
results will be published in due course. 

My thanks are due to Prof. B. B. Ray, D.Sc. 


for the helpful discussions and for granting facilities 
for work in his laboratory'. 

H. N. Bo.sk. 

Khairu Laboratcjiy of Physics, 

02, Upper Circular Road, 

Calcutta, 4-5- 1 044. 

' \iil«>iio\v-K<tiii:4iio\\skv, I’hys. /.cits. </. So:i icttiuhni, 7, 
Ml*'-, m?>. 


E.M.F. DUE TO DIFFERENCE IN TEMPERATURE 
BETWEEN TWO ELECTRODES DIPPED INTO 
IONIC SOLUTIONS 

N’kk.n.st gave a formula for the potential which 
was produced on dipping a piece of metal into an 
ionic solution in terms of the solution tension, 
osmotic i)ressiire and tcmpcralnre <if the solutions. 
So far as we are aware there is no data for llie F.M.h'. 
which is produced when two electnxles of the same 
metal are clipped into a homogeneous ionic solution 
and c»nc electrode is maintained at a higher tempera- 
ture w'ith respect to the other. 

Two coi)per electrodes thremgh which vapour 
from boiling liquids can be passed were electroplated 
with copper in the same bath and introduced from 
either .side to a vertical gla.ss tube conlaiiiiiig the solu- 
tion. To avoid convection difficulty the electrode 
iiitnKluccd at the top of the glass tube was maintained 
at higher temperature and the other at the bottom at 
room temperature. The top electrode w-as maintained 
at different temperatures by passing vapour of boiling 
water (loo^C), benzene (8o'2®C), acetone (5f>\S°C), 
the other electrode being throiighoiil maintained at 
— the room temperature. The Iv M. F. produced 
at various temperature differences were measured by 
means of a calibrated potentiometer. 

TfiMl’KRATl'KIi DlKKKKI'.NCIi ItKTWKHN 'niK IWO l<r.i:Cl'R<»I»l.S 
.\Nn If. 1*. Prooitcki*. 

Teiii|H*ralure diffiTCiiri* ‘ 67’-'C 

K. i^l. 1*. proihired fi»r X 2 
NaCl St>hi. ill inillivnU ... . WVl .U-.^ l.VO 

K. M. I*. prrKliiceil ff»r X S 
CUjSOj Sola, ill inillivoh ... T.^ «» 42-7 17 1» 

Exi^riiiieiital improveiiienls have lately been made 
witli electrical healing arran.gement and other various 
experimental difficulties have also l^ecn met with. 
The K.M.F. produced have been observed >vith NaCl. 
CuS()4 KCT, KBr, CuCla solution and the K.M.F. 
is found to increase gradually if the solution is 
gradually diluted, the temi^eratiire differences between 
the two electrodes being maintained constant. The 
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electrodes at the hjuer lciiii>eralurc is foiiiid to be at 
a higher potential w itli respect to the hot electnxle 
in the case of NaCl solution and reverse hapi>ens in 
the case of CiiSO., solution. It has however been 
observed that if the two electrodes arc iiiaintaiiied at 
the same temperature and the solution near the top 
electrode is locally diluted, the K.M.K. produced is 
just in the opposite directi^m of uhat is obtained by 
Iieatin.n the ui>per electrode. 

y\y thanks are due to Prof. H. H. Ray, D.Sc., 
Calcutta I’niversity for graining me facilities to 'vork 
in his laboratory. 

K. Da.s CirPTA 

Rhaira Laboratory of Phy.sics, 

Calcutta University, 

Calcutta, 7-5- i 944- 


THE EFFECT OF LIGHT ON THE SYNTHESIS OF 
ASCORBIC ACID BY GERMINATING SEEDS 

Ir has been observed that dry .see<ls of soya -bean 
contain practically no measurable quantity <^f ascorbic 
acid, as determined by titration with the indopheuol 
reagent. Hut during germination in absence of light 
they begin to accumulate ascorlhc acid within two or 
three days from the start. This accumulation reaches 
a maxiimim on the 5th or 0th day of germination ami 
thereafter begins to decline, keei>ing to a lower but 
approximately con.stant value. It has been found that 
this biosynthcvsis can be accelerated when the seeds 
after germination for tnie day in the dark arc expoNed 
to direct sun-light for a definite periml each day. 
St>me mean values of ascorbic acid content during 
genuinatioii of soya-bean are given below : 


.\CW COMli.NT IN .Mg. I'KR CKXT ON WKT IIASIS «>K 

TH K <;i: KM 1 n \t ix('. Soy.\-hk 


in 


I 

‘ Ascorhu- arid mi the d.'iy of geriiiinalioii 


; I I • 

I 1 st 2 nd ard ; 4 tli 5 th 6 b 1 7 th , 8 th 


9th loth 


D.'iikiirss 

Siin-li)^ht 


nil 1.5 10.4 14 . 8117.3 n.SjH.O 12 . 0 | 
nil 5.2 17 . 9 ‘ 27 . 7 | 34.7 BO.JdO.O 30 . 4 | 


7 . 0 . 7.0 

I 

80.2 80.0 


'riiis work was carried onl during December, 

(>nr thanks arc due to Prof. B. C. (juha for his 
kind interest in the \\t>rk. 

W'ANc; Chknc IA\ 

S. Roy 


Department of Ai»plied Chemistry, 
rniversily College of Science it Technology, 
Calcutta, 7-5- 1044 • 


PHOTOBIOSYNTHESIS OF ASCORBIC ACID (?) BY 
GERMINATING SEEDS 

Tins formation of ascorbic acid, as determined 
by iudophenol titration, during germination of seeds 
and the stimulating effect of light on this process 
have been reported by us^ and als<^ by others. It 
has been assumed by all these investigators that 
the reducing substance formed in the presence of 
light, as determined by the usual method of titration 
with 2 : b-dichlorophcnol indophcnol, is identical with 
ascorbic acid. In order to test this assumption experi- 
mcnls have been carried out with soya-bean and 
Kancha Mung {Phaseolus Mungo) genniiiating in the 
dark under properly controlled conditions of teinpera- 
Uirc*, moisture etc. and exposing them to siin-lighl 
and ultra-violet rays of known wave-lengths for a 
definite period and then testing them both tilrinietri- 
cally am! biologically. It has been observed that an 
indophcnol reducing substance accumulates during 
germination in the dark and increases to a consider- 
ably higher value when the seedlings are exposed for 
a period to direct sunlight or ultra violet rays of 
uavc-lcnglhs betuceii ^00^2-4000 A. Some of the 
mean values arc given below: — 

I.MNiPHIi.VOI. KKOrCINi; liyriVAUi.N'T l.\ fliR.MS OK ASCOKlIir 


Acir> IX Mg. Vo (UKV lUSIS) OK (iV:KMlN\TIN(*. SI'M.»S 



rxiaiK vAKiors coxorrioxs 


Seeds 

Kept at ^ 9 - 30 ^ 
i*. ftjr (i Iirs. 
in 

JCxpci.seil for U 
C 

his. M XM 0 ‘ 
to 


Dark 

Sunlight 

riira-violci 
hel. 3000-4009 

.V 

Sciyahi'aii .. j 

23 

40 i 


Kniit'lm Muiigj 

55 

805 1 

80 


Preliminary results from bio-as.say with guincii- 
pigs seem to indicate, however, that the sub.staiice 
pnxluccd in the germinating seeds under stimulation 
of sun light or ultra-violet light, is not identical with 
ascorbic acl.l, thpugh it gives indophenol-reducing 
action. The reducing substance formed during ger- 
mination in the dark is, however, mostly, if not 
wholly, ascorbic acid as previously sho^\'n 1 j>' ()ho.sh 
and (hiha.® * 

Experiments for further confirmation are in 
progress. 

S. Roy, 

A. Bosk, 

Department of Ai>plied Chemistry, B. C. Ouha. 
riiiversity College of Science, 

Calcutta, 7-5-44. 

' Wang Cheng I**a an<l Roy, StiKXCR a.\i» Ci ktcrk, 9 , 5 (i 4 » 
1J^4. 

*(;hci.sh and (iulia, f. hid. Clieni. Soc., i 2 , 30 , 193 »^. 
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— Sm T. E. Thorpe, Nature, March 6. 1919. 
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JBwiioriam : 

PRAFULLA CHANDRA RAY 


born : august 2, 1861. 


died: JUNE 16^ 1944; 


. SIR P. C. RAY, more {amiliar to his countrymen as Acharya Prafulla 
Chandra Ray, is no more. He passed away after a short span of illness on Friday, the 
16th June at 6-27 f.m. in his own room at the Univenity College of Science and 
Techhology, Galaitta, which was his home fw the last 30 years of his life.- With him 
has been severed the last link of the towering personalities of the last generation, who 
have lniade Bengal what it is to^y, culturally and intellectually, and who, by general 
coiiKiisus of opinion, stand in the front rank of the Makers of Modern India. 

The oiitstandii^ future of his greatness was* that' he loved his people and was 
one of them. He n^er thoi^ht of keeping himself above and aloof from the common 
man. His was a soul that disliknl to dwell apart frmn others. He abhorred the selfish 
enjoyment of. his own greatness, biit wanted to share his feelings with all around him 
— great and small, rich and poor, learned and illiterate. More at home with people in 
humbler walks of life he used rather to say that he was afraid of great men — ^men of 
power,, position, wealth and honour. In feet, he did not know how to become great 
in the modem sense of the word. For, though placed in power he never exercised it, 
holdiqg a very high position he never felt it, possessed of wealth he never kept it, adorned 
with honour he could never be induced to enjoy it. Such was his greatness— a rarity by 
itself, which avoided all taints of vanity, scrupulously shunned all attempts to make a 
good imprenion or fevourable apfiearance, and expressed a strong dislike for aristocratic 
isolation. 

' Ulough a chemist by choice, his activities were never confined within'the four 
walls of his laboratory: and his life was fer from that of a brooding scientist with an 
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uneventful routine of study, laboratcnry and rest. Within a frail atid fragile frame he 
nurtured a virile and sympathetic spirit whose activities were many-sided and embraced 
almost all spheres of human interest. Intellectual, scientific and industrial regeneration, 
social reform, economic freedom and political advancement of this country, all 

made ecjually strong appeal to him and absorbed as much of his time and 

service as did his scientific researches and teaching. Above all, in times of distress and 
suffering, he was the first man in Bengal to respond to the call of humanity — ^be it a 
famine, a flood or any other natural visitation. Of him it may be truly said in the words 
of Emerson, his favourite philosopher, that he was “in this world not to get biit to give; 
not for prosperity but to suffer for the benefit of others like the noble rock-maple tree 
which in all the villages bleeds for the service of man”. His life was one of pure self- 
immolation that could give all and take nothing, and even receive nothing. 

A friend of the poor and lowly he gave away abundantly in charity, often 

unnoticed and unknown to others, though he never had a large income of his own. His 

riches, however, consisted in the fewness of his wants as he lived a single and ascetic life 
of Spartan simplicity. In him were harmoniously blended the lofty ideals of ancient 
oriental culture with the dynamic and pn^essivc aims of the modern rationalistic 
western civilization. 

Born in a cultured and rich family, his father being a landed proprietor with 
liberal western education, Prafuli.a Chandra imbibed from his very childhood through 
the latter’s influence the principles of rational thinking and the value of disciplinary 
methods. After his first education in his father’s village school up to the age of nine 
when the family migrated to Calcutta, he joined the Hare School and subsequently the 
Albert School from which later he passed the Entrance Examination in 1879. During 
this period a persistent attack of dysentery so shattered his health as*to leave a permanent 
stamp of weakness upon his constitution. He then joined the Metropolitan Institution, 
now known as Vidyasagar College and also attended lectures on Physics and Chemistry 
at the Presidency College. The lectures and experiments of Prof. Pedlcr, at the latter 
institution stirred his imagination and asvakened in him a spirit of enquiry and 
interest for natural science. In 1881^, he prepared for the Gilchrist Scholarship Examina- 
tion — an All-India Competition — ^without the knowledge of his friends and relations 
and was: able to secure one scholarship, the other successful competitor being a Parsi 
gentleman, Bahadurji. This success paved the way to fulfil his long-cherished desire 
for higher studies in Europe, for at this period there was a serious set-back to his family 
fortune due to his father running into heavy debts. He joined the University of 
Edinburgh in 1882 in the Faculty of Science. In Chemistry he came under the 
influence of Prof. Crum Brown and it became his favourite subject. Alexander Smith 
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and James Walker were his class-lellows. In 1888 he obtained his D.Sc. degree on a 
thesis in Inoiganic Chemistry and became the recipient of several scholarships in the 
University. 

« 

After return to India he was appointed in 1889 Assistant Professor of Chemistry 
at the Prcsidenc 7 College, Calcutta, where in 1911, a few years before retirement, he 
became its Senior Professor. Here, in addition to his teaching work, he devoted himself 
with great enthusiasm to the pursuit of original researches. His colleague, late 
Sir Jagadis Chandra Bose, in Physics and he in Chemistry were the iirst Indian teachers 
to initiate research work in natural science and to inspire young minds with a spirit 
of enquiry, desire for knowledge and love of truth. Soon he established his reputation 
as a teacher of exceptional ability and his lectures wielded a great influence upon his 
students, illustrated as they were not only by numerous experiments but enlivened as 
well by* his original wit, humour, examples from daily life and notably by attractive 
accounts from the lives of the great masters of science. His animating account of the 
pilgrimage of Wohler from Germany to the great Swedish savant Berzelius, where Antia, 
the kichen maid, served as a laboratory assistant, still rings in many ears. Students 
from other sections, both of science and arts, were attracted by his lectures and the 
lecture gallery was always full to the brim. Soon a body of ardent research workers 
gathered round him forming the nucleus of an Indian School of Chemistry. It is, 
therefore, no wonder that most of the eminent chemists of India to-day had their first 
lessons from him. In 1916 he retired from the Government service to join the University 
College of Science, then newly started, as Palit Professor of Chemistry at the request 
of that great educationist, the late Sir /Vsutosh Mookerjee. Here, in a more congenial 
and free atmosphere his research activities increased manifold and the band of devoted 
workers continually swelled in numbers. The total number of original papers 
published from his laboratories at the Presidency Cpllcgc and the University College on 
a large variety of chemical problems is likely to approach a couple of hundreds. In 
1902 he published the fiist volume of his monumental work, the ‘History of Hindu 
Cliemistry* which was followed by the second volume in 1908. The work represents the 
result of a long and painstaking research extending over 15 years and gives us a glimpse 
into the achievements of the early Hindus in the domain of positive science. The book 
was acclaimed by competent critics and judges all over the scientific world as a valuable 
contribution to the history of science. 

Far outweighing his reputation as a teacher and researcher, his service as the 
founder of a School of Chemistry will ever remain as a conspicuous landmark in the 
history of our national progress. The inauguration of the Indian Chemical Society in 
1924, of which he was the Founder President for the first two terms, constitutes another 
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instance of his signal service in this line. The Society was started with a handsome 
donation of Rs. 12,000 from him towards its building fund. 

In 1936 he retired from his position as Palit Professor of Chemistry and 
remained as an Emeritus Professor to the end. Long before this, at the completion 
of his 60th year in 1921, he wrote to tbe authorities of the University making a free gift 
of his salary from that date onward till his retirement. It was also suggested that the 
money accumulated thereby should be spent for further extension and development of 
the Department of Chemistry in the' University College of Science and Technology. 
The University has already created two Sir P. C. Ray Research Fellowships in Chemistry 
to be maintained from the interests of this fund (Rs. 1,30,700). Further, an endowment 
of Rs. 12,000 was made in 1922 for an annual Research Prize in Chemistry, named 
Nagarjun Prize after his suggestion. This was followed by a second endowment of 
Rs. 11,000 in 1936 for a research prize in Zoology and Botany, named as Sir Asutosh 
Mookerjee Prize. 

As a man and as a teacher his relation with his pupils was always very warm and 
affectionate, transcending the mere natural admiration and respect from the taught and 
good wishes from the teacher. 'Fhere was nothing in his private or public life which 
was not disclosed to his pupils who regarded him as their friend, philosopher and guide. 
He maintained in its fullest sense the tradition of the ancient Indian Gurus with his 
charity extended beyond the circle of his pupils to the student community in general 
and to the maintenance of many schools and colleges in Bengal. 

He was sent on deputation to Europe in 1904 by the Government of Bengal. In 
1912 he visited England again as a representative of the Calcutta University to the 
Empire University Congress, and in the same year the Honorary Degree of D.Sc. was 
conferred on him by the University of Durham. He was also the rc^cipient of similar 
Honorary Degrees from the Universities of Calcutta, Dacca and Benares. He was made 
a Companion of the Order of the Indian Empire in 1911 and was knighted after the 
last World War. In 1920 he was elected General President of the Indian Science 
Congress. In 1934 he was elected an Honorary Fellow of the London Chemical Society 
and also that of Deutsche Akadeinie, Munchen, a little earlier. 

At or about 1900, Prafolla Chandra founded the Bengal Chemical and 
Pharmaceutical Works which was converted into a limited concern in 1902, when he 
made a gift of his shares forming a Board of Trustees for conducting a school and 
promoting other benevolent activities in his native village in the district of Khulna. 
The Bengal Chemical and Pharmaceutical Works, now so well-known all over India, 
will ever remain as a glorious legacy to his countrymen and as a standing monument 
to his memory. He was also connected with a large number of limited companies, such as 
cotton mills, sugar works, chemical Industrie, pottery and porcelain industries, book 
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companies, etc., either as a Director, Promoter or Patron. Almost every industrial 
enterprise in Bengal had his blessings and encouragement. He never ceased to uige the 
Bengali youths to take to business and industries, following the example of their hard- 
working brethren from Marwar. 'Fhc pre-eminence of Bombay and the activities of 
Parsis and Gujaratis in this respect were frequently referred to and stressed upon by 
him. No terms were considered too strong by him with which to condemn the indolence 
and ease of the Bengalee youths and their insane cni/e for university degrees. 

In 1929 when the whole country was in a state of convulsion due to the Non- 
Co-operation Movement led by Mahatma Gandhi, he threw himself heart and soul 
into its constructive and economic programme. The great pioneer of chemical industries 
became an ardent advocate of spinning and weaving as a means of ameliorating the 
appalling poverty in the Indian villages. He himself took to spinning— a practice which 
he religiously kept up till failing vision intervened. He himself never used anything but 
Khadi till the end of his life. People often used to call him ‘a saint of Science and an 
ajmstle of khadi*. A number of his shares in the Bengal Chemical and Pharmaceutical 
Works, Ltd. (face value Rs. 17,000, at present valued at Rs. 70,000) was made over by 
him to a Trust in order that the profit therefrom might be utilized for the benefit of 
poor widows, orphans, as well as for handspinning and pnxluction of Khadi. 

His services to the country as a social reformer arc outstanding. I.ong before 
the Congress Movement against untouchability was initiated by Mahatma (Gandhi, 
Pkai'Ui.la Chanoka by his writings and speeches uncompromisingly fought against this 
and many other social evils like caste system, child marriage, dowry system, communalism 
and orthcxloxy in general. In caustic, sarcastic and almost vitriolic terms he never 
ceased to cast his severe strictures upon our decayed and diseased social system which 
exercises such a baneful effect upon individual and national progress. As early as 1917 
he presided over the Indian National Social Conference in Calcutta and exhorted the 
people to unite and do away with untouchability, as India divided within itself could 
never attain independence. He was an ardent advocate of Hindu-Muslim unity and 
the fusion of all communities into one great Indian nation. 

As a philanthropist Prafulla Chandra was ever ready to come to the rescue of 
suffering humanity. Whenever he appealed for funds, as in the case of Khulna famine 
(1921) and North-Bengal flood (1922), money came simply pouring in from all parts of 
India for people had an abiding confidence in him. 

In politics, though never actively on tlie field, he belonged to the advanced 
school. His well-known remark on a memorable occasion, “Science can afford to wait but 
Swaraj cannot”, gives a measure of his patriotism. 

Though a scientist by profession, his love for, and knowledge of, literature and 
history were much above the average. Rabindranath, Madhusudhan Dutt and 
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Shakespeare were his favourite poets from which he could quote off-hand from memory 
at any time. He was also very fond of the works of Emerson and Carlyle. His interest 
in literature and history was so great tliat .he was often heard to say that he became a 
chemist by pure accident. In 1932 the first volume of his* autobiography “Life and 
Experiences of a Bengali Chemist’* was published. It was dedicated to the youth of. 
India with the hope of stimulating their activities. The second volume of this work 
was issued a few years later (1935). An idea about the value of the book is best derived 
from what Prof. Armstrong wrote about it in Nature: — 

“From beginning to end the message of the book is one of the highest endeavour- 
pulsating with vitality and intellectual force.** 

As an educationist he strongly supported the use of the mother tongue as the 
medium of instructions, without which originality and the habit of independent 
thinking can never be developed, nor the standard of efficiency in our schools and 
colleges Ik‘ raised. 

On the completion of his TOtli birth-day the Indian Chemical Society presented him 
a Commemoration Volume which contained contributions from many eminent chemists 
of India and Europe. A similar Commemoration Volume and an address, on behalf of 
the Public of Bengal, was presented to him on the same occasion. His 80th birth-day 
also was celebrated by the public when he received a large number of congratulatory 
addresses from the Calcutta University and various other educational institutions as 
well as from many industrial and scientific organizations. 

A saint of science, a patriut, a philanthropist and a nation-builder has passed 
away; a truly noble soul, a kind and compassionate figure has disappeared from our 
midst. But Prafulla Chandra was greater than his life or work and has left behind a 
pattern of character for us and more specially for the student world as ]3ointed out by 
Gandhiji and so aptly and beautifully delineated some time ago by Rabindranath while 
presiding over his 70th birth-day celebration: 

“It is stated in the Upanishads that One said *1 shall be Many*. The beginning 
of creation is a move towards self-immolation. Acuiarya Prafulla Chandra has 
become many in his students and has made his heart alive in the hearts of many. And 
that could not have been at all possible had he not unreservedly made a gift of himself. 
The power of creation having its inception in self-sacrifice is a divine power. The 
glory of this power in the Acharya will never be worn out by decrepitude. It will 
extend further in time through the ever growing intelligence of youthful hearts; by 
steady perseverance they will win new treasures of knowledge.” 

He came with a great mission to serve his country and has left an imperishable 
example, which will serve as a light and inspiration to the present and future generations. 
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IT^HE recent Government of India communiguS 

announcing the creation of a new Department of 
Planning and Development and the appointment of 
Sir Ardeshir Dalai to the new port-folio have evoked 
widespread comments in the public press. It is 
possible to have a realistic outlook to the announce- 
ment. The action of the Government may at least be 
regarded as a ' 'gesture admitting a tiny ray of hope 
in these days of bleak despondency*’. It is to be 
noticed that the Government have not declared its 
objective in taking the new step, but the very fact 
that they have offered the port-folio to one of the 
signatories of the Bombay Plan may be taken to 
show, as Sit Ardeshir has pointed out, that they have 
perhaps a certain amount of sympathy with the 
declared objective of the Bombay Plan viz,, the 
raising of the standard of living for the common man 
of India by a process of planned expansions in indus- < 
try, agriculture, communications, and other nation 
building activities, perhaps in so far as that is com- 
imtiblc with the interests of Imperialism. A national 
government would not have hesitated to declare its 
‘objective* and such a declaration would have lieen 
bailed with acclamation by all sections of the 
people. Probably the Department would have been 
called the department of "National Planning and 
Development**, a step we have long been advocating. 
But we have probably no right to expect such large 
pronii.ses from a government of foreign bureaucrats, 
and after our experience of large promises in the 
Iiast, generally followed by vague excuses, or studied 
silence, it is better to start with no promises but 
reserve judgment on actual achievement. 

As the newly appointed Member himself ad- 
mitted in a press statement, full mcasuics of 
national planning and development are possible only 
under a national government. We would go further, 
and would have no hesitation in proclaiming our 
firm belief that India is in urgent need of inspiration 
1oi a national purpose, and would respond to trusted 
and inspired leadership with a quickness which will 
surprise the world, just as the transformation of 
vSovict Russia from medieval feudalism to the highest 
ff)rin of technological civilization has surprised friends 
and foes alike. Such leadership can only come from 
national leaders like Pandit Jaliraharlal Nehru and 
others still in confinement. Under the present 
system, we think tlmt the new Member will have 
many hurdles to overcome and he may not have the 
^■eguisite co-opdratiott of his colleagues in the 


Viceroy’s Cabinet or of the officials. The cour.se for 
the new Member is, therefore, likely to be neither 
smooth, nor promising. But like a Stein, he may 
have tact, and foresight enough to overcome these 
difficulties and lead the nation on the way to 
prosperity and a new life. It is in this hojie that 
we welcome the creation of the Department and the 
appointment of Sir Ardeshir Dalai as its head. 

But even the most gifted of men having the 
greatest freedom of action, and plenty of finances at 
his disposal cannot achieve anything substantial 
unless he has a suitable administrative machinery to 
assist him in his work, and gets the assistance of 
willing officials, or the co-operation of an efficient 
brain-trust composed of persons who will not be 
guided by motives of self-interest. We do not think 
that such a machinery exists at the present moment, 
but with a certain amount of reshuffling of the 
existing organizations, and a radically new policy in 
handling them, substantial progress towards the 
goal can be made. Prof. A. V. Hill, in his illu- 
minating address to the Indian Science Congress at 
Delhi this year gave us a lucid picture of the British 
.system, defining the fundamental principles which 
should be the same at every latitude and Sir J. C. 
Ghosh and his colleagues of the National Insti- 
tute of Sciences have given their own .suggestions 
on this subject at the symix)siuni held by the 
National Institute of Sciences at Calcutta and Delhi. 
We consider that if the new Department is to justify 
the hopes aroused, it cannot ignore the existing 
deficiencies in organization, or the faultiness of the 
principles now pursued which we have criticized so 
frequently in these columns. It .should be guided 
by the principles enunciated in Hill's article, and in 
the resolution of the National Institute of Sciences. 
Based on these, the following suggestions are made : 

The first suggestion is that all the scientific 
research organizations and 'research institutes under 
the Central Government should come under the new 
Department. The present position is very anomalous, 
as these organizations arc now scattered over several 
departments of the Central Government, and the 
control exercised varies from a loose, undefined 
connection to the fullest measures exacted by a 
bureaucratic .system primarily devoted to interests 
other than national. For example: 

Geological Survey : is under the Department of 
Labour. What ‘Labour* has to do with geology is 
probably difficult to see for anybody. 
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Meteorology : is under Posts and Air but 
meteorological information is needed by all sections 
of people. 

Scientific and Industrial Research : still a baby 
amongst scientific departments was first under the 
Department of Commerce but is now under the 
Council, a registered body of Government officials, 
and some representatives of science and industry 
nominated by the Government, and presided over by 
the Hon’blc Member in charge of Industries and Civil 
Supplies. 

Medical and Agricultural Research: under two 
registered and scnii-autonomous bodies having very 
cumbrous composition viz,, the Indian Research Fund 
Association and the Imperial Council of Agricultural 
Research arc under the Chairmanship of the Hou’ble 
Member for K.H.L. (Department of Education, 
Health and Lands). The corresponding research 
institutes in these two subjects are, curiously enough, 
under the fullest bureaucratic control of the E.TI.L. 

Botanical and Zoological Surveys, the Survey 
of India : are under the E.H.L. 

It will thus be seen that the existing scientific 
departments of the Central Government arc disticrsed 
under different Hon*ble Members of the Viceroy’s 
Cabinet, most of them having many other serious 
duties and pre-occupations, and probably none of 
the Hon’ble Metnbers or his secretaries being select- 
ed on account of his previous knowledge of the 
sciences he has to deal with, or having gained by his 
part played as a politician or administrator even the 
most casual placed under his control or even having 
any sympathy with its working. The amount of 
control cxerci.scd varies as we have pointed from the 
maximum measure allowed by the bureaucratic code 
to a varying degree of looseness, but the essential 
threads are always in the safehands of I.C.S. secre- 
taries and bureaucrats w’ho are always changing from 
one department to another for their, the Govern- 
ment’s or somebody else’s convenience ; they* are 


* In India, a civil servant may be to-day a district 
officer, next year an assistant secretary in the K. H. L., 
next year he may be attached to the food department, 
then lie may be a sugar controller, and ultimately may revert 
back ns Commissioner for u division. It is quite unlike 
the way the civil servants arc utilized in England. There 
they are attached to a particular department, say, currency, 
trade, or diplomatic service, and arc allowed to have suffi- 
cient time and opportunity to gain expert knowledge of his 
subject. Even then, they have been found slow, evasive, 
and generally without any spirit of initiative, and as far 
as scientific departments are concerned, they have been 
replaced by professional scientists in all key-positions. It 
is completely overlooked in this country that we are living 
in a scientific-technical civilisation. Most departments of 
Government ^ in these days have to deal primarily with 
matters requiring the knowledge of science and technology. 
But people in authority are more often than not quite 
innocent of such knowledge. Is it any wonder that under 
sneh conditions perfect chm prevails? 


seldom kept attached to the same department long 
enough to acquire sympathy with the department or 
proficiency m its handling. It is obvious that under 
such a hodgepodge syst^, no Central plan can be, 
or has been evolved for national development. The 
Hon’ble Members and their secretaries have been 
content merely to carry on, and have hardly shown 
any initiative, nay in certain cases, they have allow- 
ed the departments to fall into decay. 

For example, the Botanical and Zoological 
Surveys of India, which have in the past done iin- 
portant w'drk have been financially starved and 
depleted of officers for a number of years. On 
account of dearth of officers, and lack of funds, field 
work in these two subjects has l>een entirely stopped. 
They afford examples as to how important scientific 
activities can be starved under a department, with 
little or no interest in them. The Geological Survey 
is still active, and has been doing good work, but it 
is quite inadequately .staffed for the enormous task 
it has still to accomplish. 

Probably it has never occurred to the Hoii’bk* 
Members in charge of these surveys how important 
they are for the development of the country’s re- 
.soiirces. They have probably never heard how Soviet 
Russia mobilized 10,000 geologists, and were able to 
discover enormous resources in petroleum, coal, iron, 
and other minerals — development of which by the 
national research institutes has enabled Soviet Russia 
to defeat the German onslaught. Probably they 
have never heard of the epic work of the Russian 
plant collectors who at the end of the last War, 
collected plant specimens from all over Soviet Russia, 
South America and other parts of the world, and with 
the aid of supplementary laboratory researches clevcl- 
oixjd new kinds of wheat, potatoes, fruits and othw.T 
food crops congenial to the Russian soil and tims 
could maintain Russia’s food-front at full-strength 
even during the present Global War. 

If the Hon’ble Members had the slightest notion 
of the ciiormous potentialities of the surveys uiider 
them, they would not have allowed these to decay, 
as they have done. 

Such neglect of science has occurred in other 
countries, but being forewarned, they have taken 
ample measures in advance. It has been found 
necessary in almost all countries to place all scientific 
departments, surveys and research institutes neces- 
sary for the development of the country’s resources, 
industries and agriculture and for the ensurance of 
public health under one responsible member of the 
Central Government, and in course of the current war, 
the existing anachronisms have been ruthlessly wiped 
out. In the U.K., he is called the I/ird President of 
the Councilt He has no ordinary department under 
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him, and can devote all his time for planiiinj^ and 
reconstruction. Usually public men having acquaint- 
ance with science and industry have been selected 
for this highly important post.* During the last war, 
the post was held by the Earl of Balfour, himself an 
amateur scientist and an intimate friend of many 
scientists and a lover of science, and during the present 
war it has been held from 1940-1943 by Sir John 
Anderson who, though a civil servant, is a Ph.D. in 
Chemistry, and has wide acquaintance with science. 
The post is now held by Lord VVoolton, an industrial- 
ist, and lately food minister. The practice of initting 
civil servants at the head of administration in 
scientific departments has been given up, and scient- 
ists of established reputation, and sometimes not 
having much experience of administration have been 
called up straight from their laboratories to take 
charge of the administration of the departments, 
with great success. 

It may be objected that the ciTcct of removing 
research from the direct control of the various 
de|>iirtmcnts under which it is now placed would 
cause some harm to the work of those departments. 
'I'herc is hardly any logic in such arguments as the 
scientific sections appear to have been attached to 
departments without any rhyme or reason, c.g.^ 
Geological Survey to Labour. But though a tempo- 
rary disturbance may be caused, the final result 
would be that research would be done in a far better 
inanner, that the various branches of research would 
he brought into closer co-operation with one another, 
that gaps and weaknesses now apparent would be 
made good, and the Hon’ble Members and their sec- 
retaries would be relievwl of a charge, which, as far 
as our informalion goes, they find rather boring. 

It is not realized in this country that research 
cannot be tied up too directly to the solution of 
iiiiiiiediatc practical problems ; and those who were 
responsible, in the Departments, for tackling the 
practical i)roblcms, e.g., the Public Health Conimis- 
^iuiier, are not, in general, research men, but execu- 
tive officers who would be enabled, by cx-officio 
tiieiubership of the various Boards and Committees, 
or by contact with the various Directors of Re- 
search, to obtain the scientific information they 
rc<iuire and to give practical bias to the directions 
in which research would be undertaken. 

When the National Institute for Medical Research 
in England was started in 1914, with Sir Walter 
Eletcher, K.R.S. as Secretary, there was a proposal 
to put it under the Ministry of Health ; but Fletcher 
'Opposed the idea and had his own way, and it was 
placed under the Medical Research Council, under 
the Lord President. Nobody now doubts the 
wisdom of the step. The same practice is followed 
m the other research organizations. Nobody would 


think of putting the National Physical Laboratory 
under the Board of Trade, the Geological Survey 
under the Ministry of Fuel and Power, the Food 
Investigation Board and its Laboratories under the 
Ministry of Food, the Radio Research Board and 
its establishments under the Post Office, or the 
Building Research Station under the Ministry of 
To\Vn and Country Planning. There was a sugges- 
tion to init the Agricultural Research Council under 
the Ministry of Agriculture and Fisheries, but a 
much better solution was arrived at by setting up 
an Agricultural Iniprovcincnt Council in that Minis- 
try. It is difficult to see why the same general prin- 
ciple of bringing research under a single separate 
organization and of leaving the Departments to 
make their own arrangements for applying the re- 
sults of research to the practical problems they have 
to face should not apply to India, by the creation 
of Development Boards which will consist of repre- 
sentatives of the Department of Planning and Deve- 
lopment on the one hand and those of the relevant 
Departments on the other hand, as has been sug- 
gested by the National Institute of Sciences of India. 

As a logical sequel to our first suggestion, w’e 
would propose that the scientific departments under 
the Ilon^ble Member for Planning and Development 
should be constituted into the following bo^ards : 

(1) Surveys of Natural Resources. 

(2) Scientific and Industrial Research. 

(3) Agricultural (including Animal Hus- 

bandry) Research. 

(/I) Medical and Public Health Research. 

(5) Engineering (to deal with irrigation, soil 
river surveys for hydro-electric power 
generation, soil conservation, etc.). Other 
boards may be added if necessary. 

Each Board should have, as Chairman, an 
eminent person, either a non-oflicial scientist or a 
professional man in the field concerned. The 
members of the l^oard should be eminent and expe- 
rienced scientific and professional men in their own 
fields. The executive work of each Board should be 
in the hands of an eminent scientific man. He should 
have direct access to the Hon’ble Member, and should 
be given the status of a Joint or additional Secretary 
of a department of the (government of India. Each 
Board should work through Re.search Committees. 

Our next suggestion is that the Hon’blc 
Member for Planning and Development should 
try to secure the co-operatiem of all non- 
official scientific talents available in this coun- 
try (formation of a brain trust) and .should 
try to foster the growth and development of 
such talents at the source by a liberal system of 
research grants and research scholarships to the 
universities and other research institutes, and should 
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liclp to build permanent research schools on specia- 
lized lines in the universities (training of scientific 
and technical personnel). 

In India unfortunately there exists a funda- 
mental antagonism between the official and the non- 
official, the individual and the Government. Un- 
official science has been, before the establishment of 
the Jl. S. r. R., I. C. A. R., largely ignored and 
neglected by the Government, and promising schools 
of research, under distinguished scientists, were 
allowed to fall into decay on account of lack of 
financial support. 

This is very unfortunate, as unofficial science 
of a country and fundamental researches are the 
backbone of all its scientific work. The National 
Institute of vScionces, in its Delhi session at the begin- 
ning of this year, ma<!c some suggestions which can 
be summarized as follows : — 

(1) That the unofficial scientists of India have 
little means of making their views heard and res- 
pected by the Government of India. 

(2) That the large number of Academics and 
scientific societies which have been founded by 
Indian men of science and above all the National 
Institute of Sciences which is the most representa- 
tive body of senior scientists arc not usually con- 
sulted by the Government of Ttidia, and arc not re- 
presented by their own right in advisory councils, or 
other bodies of scientific experts which are frequently 
appointed by the Government. 

(,^) That the total expenditure on scientific re- 
search in this country is extremely meagre. The 
National Institute of Sciences recommended that to 
per cent of the national income amounting to 5 to 6 
crorcs of rui)ces should be spent annually on re- 
searches of all types, surveys, maintenance of re- 
search sc^hools and institutes, etc. 

We do not know whether the Government of 
India will agree to the suggestion of tlie N. I. S. to 
form a National Research Council on the American 
model wdiicli is e(iui valent to handing over a large 
amount of planning for research and of organizing 
research work to a non-official body of scientists. 
Tlie proposals arc neither impracticable nor utopian. 
As a matter of fact, the sy.stcm is being actually 
followed with great success in the U. S. A., Japan 
and Canada, though in the last two countries there 
is much more of official representation than in the 
U. S. A. But the points of the N. I. S. can be met 
to some extent and should be met, if the organization 
of the new Department of Planning and Develop- 
ment is carried out on the lines suggested above. 
The adoption of the proper organization and proper 
guiding principles right 'at the formative stage can 
alone ensure the effectiveness of the new Depart- 
ment. 


Our third suggestion is that proposals for 
establishment of national scientific lalioratorics and 
research institutes should not be allowed to be put 
in cold storage on the iv^ual plea "'that may stand iill 
the war is over'. This attitude, under which the 
IIon*l>le Members have taken .shelter to cover their 
own inefficiency and lack of enlhnsiasra for positive 
work, is prompted by the idea that the problems of 
the war can be separated from those of peace, that 
the wants and heeds of the civil population have to 
be i^mplctely sacrificed to military exigencies. This 
attitude is diametrically opposed to that followed in 
England and ollu*r belligerent countries where the 
whole i>o])iilation, whether actually engaged in war- 
work or not has to be regarded as combalanls. 
The attitude of the Indian rulers has led to such 
disasters as the Great Jkmgal Famine of 1943, llic 
.^(x> per cent rise in prices, and may lead to further 
disasters if tiot corrected in time. 

Here in India, wc have been talking of National 
Physical, Chemical, Fuel, Metallurgical l^aboratories, 
of a Glass and Silicate Research Institute for the 
past three years, and the talks have hardly taken ns 
to a report stage. Nobo<ly knows when these ini- 
l)orlant laboratories will come into existence ; mean- 
while commercial missions camounaged as scieiitifir 
are imported to help India out of the chaos. C^ontrasl 
with this the stand taken by Canada and Australia. 
When the war broke out, Australia was not manufac- 
turing a Chhatak of glass not to speak of optical glass; 
but the rulers of Australia realized that glass, partini- 
larly optical glass, was a vital war-nccessity , and the 
Australian Department of Scientific and Industrinl 
Research mobilized all the available scientific and 
technical personnel, and aided by experts lent from 
England, started manufacturing optical glass within 
14 months of the date when the project was launched. 
Now .she is maniifaclaring all her peace and wm- 
time needs in glass. The Canadian Government 
started a Research Knlerprisc Ltd. under the Nation- 
al Canadian Council of Research, which have been 
able to complete plants for the manufacture of many 
essential c'omniodilios for which Canada had in de- 
pend formerly on U. S. A. and the U. K. 

Why turn to Australia or Canada? Even in 
India, huge scientific laboratories in Physics, 
Chemistry, and Engineering complete with cqiiip- 
ment, apparatus and workshops have been built in 
Cawnimre to deal with military problems in course 
of the last two years. 

Nay, the conclusion is inevitable that the Hon ’hie 
Members and the secretaries in charge of the scientific 
departments have showm little interests in the work of 
the research organizations under their control, and 
have allowed things to remain as they were. The 
‘cold storage* policy is a standing monument to the 
defects of the existing organization. 
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rpIIK magnitude of the problem of educational re- 
construction in a country with S5 per cent of 
the population still illiterate need hardly be over- 
emphasized. The present system of education 
obtaining in Indm is hopelessly inadequate, dispro- 
portionately top-heavy and grossly wasteful of the 
nation’s lime, money and energy and does not satisfy 
even the very minimum educational needs as accepted 
ill every civilized country. The weakness and in- 
sufficiency of her educational system have left their 
mark in every sphere of her activities, social, 
economic and political and have caused a iiermaneiit 
stumbling block in her progress. The solution of 
her problem of educational reconstruction, colos.sal 
as it is, re(|uircs, therefore, a careful and thorough 
planning, the execution of which will require 
so much money that it will frighten the Oovern- 
iiKiit and so much lime that it will discourage 
even the most ardent and cnthusia.stic educationists 
and national leaders of the country. And yet these 
are the two fundamental re<iuiremeiits of the 
sclieme for post-war educational development in 
India, envisaged in the report of the Central Advi- 
sory Poard of Kducatioii, recently submitted to the 
Kecoiistruetion Committee of the Viceroy’s ICxecutive 
Council. The scheme would require for its execu- 
tion, as the estimate goes, an annual expenditure of 
Ks. 31 2 () crores, when in full working order, of 
which the Government would be required to siiend 
l<s. xil crores, and a period of 40 years before the 
whole plan will be in action. But it should be borne 
ill mind that in planning for such a national system 
of education, *the Board's object throughout has 
not been to plan an ideal .system of public instruc- 
tion but ratlier to lay dow'ii the very iiiiiiimum 
necessary to place India on an approximate level with 
other civilized communities.* As to the period of 
i)l)eralion of the scheme, there is hardly any escape 
fruin this, as it is entirely a problem of building 
anew. The problem of education in India is not one 
of building on the existing structure, because, as the 
Board has rightly diagnosed, ‘the present system does 
not provide the foundations on which an effective 
structure could be erected*, and 'much of the present 
ranilding edifice will have to be .scrai)pcd in order 
ikat something better may be substituted.* 

While the Central Advisory Board’s scheme for 
\)ost-war educational development in this country is 
not certainly above criticism, and there may be dis- 
agreement on minor details and issues, the general 


principles and the main educational structure laid 
down in the scheme will doubtless be found acceijt- 
ablc to all sections of Indian jicople, vitally interested 
in the educational ujilift of the country. The prob- 
lems and the proposed measures for reform have 
been discussed in the report under the following 
items, viz., (i) Basic (Primary and Middle) PMuca- 
tion ; (2) Pre-Primary Ivducation ; (:0 High vSehool 
Kducation ; (4) University Education ; (5) Technical, 
Commercial and Art Education ; (6) Adult Educa- 
tion ; (7) the Training of Teachers ; (8) the Health 
of the School Child ; (9) the Educalion of the Handi- 
capped ; (ro) Recreative and Social Activities ; (11) 
Employment Bureaus and (12) Administration. 

The piin)ose of this article is to present to the 
reader the different stages of education contemplated 
in the scheme, through which the future children of 
the land should pass as they grow to manhood before 
they are in a position to enter professions suited to 
their training and attainments. The j)roblenis of 
adult education, the training of teachers, the health 
of the school children, recreative and social activities, 
etc., w'ill not, however, be included within the scope 
of the present discussion for which the original iei>ort 
may ho consulted. 

The different stages of education w’ill be best 
understood with reference to the adjoining chart 
(Fig. i) prepared l)y llie writer, which, although not 
coinplele in all respects, indicates sufficiently clearly 
the main features of the proposed stages. 

Prk-Prim.\ry Education (Nursisry Sciux)ls 
AND Classks). 

The need for pre-primary education in this 
country has not been sufficiently realized, as is 
clearly evidenced from the utter lack of provision for 
the same in the present educational system. An 
efficient national system of education cannot afford 
to do without a liberal provision for iwe-priniary 
education to prepare children for compulsory basic 
education. Since the Board has recommended uni- 
versal and compulsory education for all boys and girls 
between the ages of six and fourteen, pre-primary 
education refers to the education of children who 
have not attained the compulsory school age of six. 
The education during these formative years of the 
growing child should receive careful consideration 
and should aiift at catering, among other things, to 
mental, physical and social needs. The importance 
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Fig. 1. Chart showing the Post-war Educational Scheme in India. 
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of nursery schools in urban and industrial areas where 
mothers go out on work has been specially em- 
phasized. For these, sufficient number .of nursery 
schools and nursery classes attached to the Junior 
Basic (Primary) Schools should set up in urban 
and rural areas. The Board recommends that the 
nursery school age should be fixed at three to six. 
Attendance to nursery schools or classes should be 
voluntary, as in England, but the parents should Ije 
persuaded to send their children to receive this 
important stage of education. The organization of 
])ost-war education should secure that about i child < 
in 7 attends nursery schools or classes, and on that 
basis arrangement should he made for 35,oo,ooo 
places. However, to start with the scheme it will 
l)c sufficient to provide for one-third the numl)er, i.e,, 
about 10,00,000 places. Pre-Primary education 
should be in all cases free and women teachers should 
be employed as a rule. The net cost for pre-primary 
education in full operation has been estimated at 
Us. 3,18,40,000. 

Junior Basic (Primary) Scnix)r.s. 

A national system of education must recognize 
and make ample provisions for compulsory educa- 
tion which should be free and universal. The Board 
has laid all emphasis on this stage as a prima facie 
rc(iuirement in the proposed educational system. 
The case for introducing free, universal and com- 
pulsory education lias been made out in the Board’s 
rei>ort in the following fitting words : *Tn the first 
place, therefore, a national system can hardly be 
other than universal. Secondly, it must also be com- 
pulsory, if the grave wastage which exists today 
under a voluntary system is not to he perpetuated 
and even aggravated. And thirdly, if education is 
to be universal and compulsory, equity requires that 
it should be free and common sense demands that it 
should last long enough to secure its fundamental 
objective.” Opinion is, however, divided on the 
(|uestion of the compulsory school age limits, but the 
age-range from six to fourteen i.e,, a period of eight 
years, has been recommended in pcrsuance of the 
American and European pre-war practice of fixing 
the period for compulsory education at five or six to 
tourtcen or fifteen. 

The education received in this period has been 
termed “Basic Education” of which the Board has 
recognized two distinct stages, viz., (o) the Junior 
Basic stage and (6) the Senior Basic* stage. The 
need for such differentiation of the Basic Education 
arises principally out of two reasons ; (i) at about 
the age of eleven or twelve, boys and girls step into 
adolescence with certain mental and physical changes 

,.,.*Some have suggested ‘Primary* for Junior Basic and 
^ Middle* for Senior Basic. 


which require an adjustment both of the contents 
of the curriculum as well as of the melhods of 
teaching ; (2) a certain stage should be fixed at 
which capable boys and girls may be diverted to the 
high schools. Accordingly the age-range of pupils 
receiving Junior Basic (Primary) education has been 
decided to be froni 6 to it. The provision for lliis 
stage of education will be made in the Junior 
Basic Sc'hriols where boys and girls of all ages 
between b and ii will be accommddaled. On com- 
pletion of tile course prescribed for Junior Basic 
Schools the majority of the pujiils, both boys and 
girls (80 per cent) will proceed to the Senior Basic 
(Middle) Sclux)ls, while the remaining 20 per cent 
of pupils who show greater capability and i)romivSe 
will be admitted to the High Schools. Tliis has been 
clearly indicated in the chart. Under no circums- 
tances will a lx)y*s or a girl’s education be allowed 
to terminate at the Junior Basic stage where a pupil 
is not expected to learn enough to ensure the mini- 
mum preparation for life, far less for citizenship. 
For late bloomers, i.c., those who show promise later 
(i.e., after ti), there is provision for transfer to High 
Schoeds at 13. 

The number of pupils of age-groups between 6 
to II at the Junior Basic Schools has been estimated 
at 3,6o,(X>,ooo, according to the statistics provided by 
the Public Health Commissioner’s Rei>ort (1Q40). 
This would require about 12,00,000 teachers, of which 
three-fifths should be preferably women, on the 
basis of one teacher per 30 pupils. Vernacular should 
be the medium of instruction. English as an o])tioiial 
subject in the Basic Schools should be eliminated, 
but replaced by a common language, such as 
Hindustani. The total gross expenditure per annum 
for Junior Basic l^ducation, when in full o[>cration, 
has been estimated at Rs. ii4,29,oo,(XX). 

Senior Basic (Middle) Scho(ji,s. 

As already pointed out, 80 per cent or four-fifths 
of the pupils leaving Junior Basic Schools will pro- 
ceed to the Senior Ba.sic Schools to complete tlic 
remaining three 3'ears of their period of free and 
compulsory education. In view of llie fact that the 
school education of the large population of the future 
citizens of India will come to an end on completion 
of the course provided in the Senior Basic vSchools, 
the education in the Middle vSchools should be care- 
fully planned and devised so that it may be 
.sufficiently complete in itself. The pupil leaving the 
Senior Basic School should be prepared to enter into 
professions and take his place in the community as a 
worker and as a future citizen. The demand for the 
great mass of semi-skilled and unskilled labour in 
agriculture as well as in industry will generally be 
met by these pupils. It is, moreover, suggested that 
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as the a^Ticullnral needs must always remain by far 
the most important factor in India's economy the 
Senior Basic Schools in rural areas should have an 
aAriciilliiral bias. 

As already noted, amon^: the pupils attending the 
Senior Basic vSchools there may be cases of late 
development of proficiency, and as such their claim 
to be admitted to the High Schools from the Middle 
Schools has also been given due consideration (indi- 
cated by the broken line in the chart). A small per- 
centage of the Midille vSehool leavers seeking further 
training for better employment may proceed to 
Junior Technical, Trade or Industrial Schools whose 
function and scope will appear in what follows. The 
Senior Basic Schools will be required to look after 
about 156,00,000 pupils and the services of about 
6,00,000 teachers, of wliich half should be women, 
will be necessary. The total annual cost has been 
estimated at Ks. 86,50,00,000. 

Junior Tkchnicai., Tradk and Industkiai. Schools 

Organized industry requires a steady supply of 
trained and semi-skilled craftsmen. In the Senior 
Basic Schools the pupils will learn ouly the rudiments 
of craft work. To acquire the necessary skill further 
training is essential. Hence the necessity of such 
schools as the Junior Technical, Trade and Industrial 
Schools to which pupils aspiring for better vocation 
in life may proceed for further training in various 
crafts, after completing the Senior Basic education. 
Education in such schools will be voluntary and not 
free, though the Stale will be required to provide 
adequate grants. A provision for 2,00,000 places in 
these schools has been suggested. 

High Schools 

Adequate provision for higher and more thorough 
education for those who are much above the average 
level in capabilities has been recognized in every 
civilized country. The High Schools represent the 
first stage in an educational system where the process 
()f selection of the cream of future citizens of a 
country begins. In planning for a nation’s minimum 
educational needs. High Sch.ool education cannot be 
made compulsory if only for financial reasons and 
has to be restricted to the few more capable who are 
e.\i>ected to make the most of it. If the experience 
of other countries is to be depended upon, the choice 
.should fall on one out of every four or five pupils 
leaving Junior Basic Schools, and accordingly the 
Board has recommended the divertion of 20 per cent of 
the Primary School leavers to High Schools. At first 
it will not be possible to make High School educa- 
tion free, though desirable ; but adequate financial 


measures should be provided to enable poof but cap- 
able pupils to derive the full benefit of High School 
education. The total number of places to be arranged 
for in the High Schools on the above selection basis 
has been calculated to be 72,52,920, boys and girls 
taken together, which would require about 3,62,640 
teachers (one teacher per 20 pupils). The net annual 
cost of High School .system, which the Government 
will be called upon to bear, has been calculated on 
the basis that only 50 per cent of the students will 
produce fees (Rs. 6/- per mensem) amounting to 30 
I)er cent of the gross expenditure and that private 
grants will produce another 5 per cent. It will 
roughly amount to Rs. 50 crores. Total gr6ss ex- 
penditure per annum will, however, amount to about 
Rs. 79 crores. It is to be noted that the admission 
of the pupils failing to attend the required standard 
of proficiency to the High Schools, though dis- 
couraged ill the nation's inlere.st, will not be made 
impossible if their parents are prepared to defray all 
of their educational expenses. Here we may do well 
to glance at the Table I,* showing the age-range, 
luitnbcr of pupils and teachers, average stdary of 
teacher, total gross cost etc., for the Primary, Middle 
and High Schools. 

The period of High School education, according 
to the recommendation of the Board, will lie 6 years 
from the age of n to 17. Here again, as in the 
Senior Basic Schools, the majority of pupils will finish 
their career as students on completing the six year 
course and will seek employmeiit. So High School 
education should be more or less complete in itself 
and should not be looked iipcm merely as a preli- 
minary to University education as it is now being 
done erroneously. At the same time the fact that 
the flow of the most able pupils to the Universities 
will take i)lacc from the High Schools should not he 
lost sight of. In view of the Board’s recommenda- 
tion in favour of the abolition of the Intermediate 
.stage from the University education, the present first 
year course will be included into the High School 
course. The High School education will be divided 
into junioi and senior departments to facilitate the 
transfer of students from the Senior Basic to the 
High Schools. The High Schools should be of two 
main types, (a) the Academic High Schools and 
(b) the Technical High Schools. The transfer of 
students from the Academic to Technical High 
Schools and vice versa will also be made possible. 
The scope and function of these two types of schools 
will now be briefly treated in two separate sections. 

• Taken from Mr John Sargent’s paper on ‘The Practical 
A.spect of Educational Reconstruction’, being his presiden- 
tial addres.s for the Section of Psychology and Education*'^! 
Science at the Slst Session of the Indian Science Congres.s, 
1944. 
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(a) The Academic High Schooi^s 

The main object of the Academic High Schools 
will be to impart education in the arts and pure 
sciences. The following subjects have been recom- 
mended to be included in the curriculum, vh., the 
Mother Tongue, English, History (Indian and 
World), Geography (Indian and World), Mathema- 
tics, Science (Physics, Chemistry. Biology, Physiology 
and Hygiene), Economics, Agriculture, Civics, Art, 
Music, and Physical Training. On leaving the 
Academic High vSchools, the student will generally 
enter into professions, and only a small fraction, say 
one j n every fiftcg i pupils, will proceed to the Ilni- 
" versitics for higher ' stiidies. Students from the 
Academic High Schools will, however, be accommo- 
dated in the dei)artments of Pure Arts and Science. 
All these arc indicated in the chart. 


industrial occupations. While all these arc partly 
true, these do not tell us the whole truth. The 
system of English education, now in vogue, was 
inlr<Kluced largely with a view to turning out an 
army of clerks needed in the Government offices and 
in the foreign commercial concerns doing business in 
the country, and to train up a handful of people to 
run the bureaucratic machinery of the Government. 
Indusiriali/ation of this country was never accepted 
as a policy of the British rule in India for obvious 
reasons, and as >uch the need for technical education 
was hardly felt. It is all loo natural that official 
explanation has always ex])loited apathy of Indian 
people towards industry in its ciTort 1«> hide the in- 
herent wcaknos.scs and defects of a foreign rule. 

There are, however, rca.sons to believe that in 
the post-war j)eriod India will undergo certain cx- 


TABLK 1 



Age 

range 

*Ksliinated 
No. of 
pupils 
(lakhs) 

fNo. of 
teachers 
rc(piired 

+.\verage 
.salary ]ier 
teacher per 
meiiseni 

§ Total 
salary bill 
per annum 
(lakhs) 

Other 

e.vpcndilure 

(lakhs) 

Ti.t.d 

gross cost 
per aiiiiuiii 
(Lakhs) 

t‘o.st 

])er pupil 
per ainiiiiii 


1 

2 

3 

4 

5 

ti 

7 

8 

Primary Scho«)ls 

(> 11 

3.60 

12,00.000 

Rs. 42-8 

Rs. 80,00 

Rs. .H,29 

Rs. IM,39 

j 

R.s. 3PK4 

Middle Selunds 

n--14 

1.56 

6,00,000 

Rs. 61-8 

Rs. 60,55 

Rs. 2.5,95 

Rs. 86,50 

|R.s. 55-31 

High Schools 

11-17 

1 

72 

3,60,000 

M ill Rs. 61-8 
•y 2 at Rs. 120-0 

Rs. 18,69 
Rs. ;ki,47 

Rs. 23,64 

Rs. 78.80 



Rs. 109-44 



.588 

21,00,000 


Rs. 195,71 

Rs. 83,88 

Rs. 279, 5t> 



lb ) The Technical High vSciiools 

Technical I{ducation represents the most im- 
portant a.spect of a national system of educjition in 
this age of industry and technology. Hitherto, there 
has been little or no tlevelopment of this phase of 
educatifin. This is not to be wondered at if the 
indiLstrial backwardness of India be considered. In 
fact, the Board has attributed it to the limited number 
of openings available in industry, to the practice of 
filling the more remunerative posts with imi)orte<l 
technicians and to the disinclination of the young 
Indians of the middle and upper classes to enter into 


pamsion of industry, though its extent is yet unjne- 
dictable, under pressure of events in India and abroad 
reipiiring an ever increasing number of trained 
personnel. The plan for a comprehensive system of 
technical education should be worked out and matle 
ready while the guns are still Ihundering. 'I'he strong 
emphasis which the Board has laid on technical 
education in the scheme for post-war educational 
development has been, therefore, most welcome. The 
scheme is largely based on the report of ^lessrs Abbott 
and Wood, the two British exiierls on technical 
education, who visited this country in 193^-37, 
surveyed the position of India with regard to techni- 


♦The estimate is based 011 Public Health Commissioin r’s Reiwrl of 1940. Of the 11-14 agi: group four-fifths arc 
shown ill Muldle Schtiols, oiie-fifth in the ini<Mlc section of High SchiMds. 

t One teacher to 30 pupils in Primary ScIkkjIs, one to 25 in Middle ScIkkiIs, one to 20 in High SclnK>I.s. 

+ . Average salary on the basic scales in accordance with Government’s actuarial calculation. 

§ Additions have lx*en macie for head teachers, higher scales in urban areas, house allowamvs. Government contri- 
bution to pensions or provident funds, etc. Teachers’ salaries are taken as aeeounlmg for 70 per cent of the total 
gross cost. 

II 'flits inclndes expenditure on (a) loan dmrscs, (b) spwial services, includiiiB school medical service, special silnwls, 
do., (0 adminiatmtion; (d) books, sUtionery, apparatus and ojuipment, (c) inamtenam-e and re^ir of buildiniis and 
furniture and charges. Other expenditure is taken as acconnling for per cent, of the total gross i-osl. 
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cal education and submitted a very valuable report 
which was i)iiblished some years ago. Speaking of 
the necessity of technical education Mr Abbott re- 
marked : 

country can initiate and carry on industries on a 
large scale, unless it has Jin adequate supply of men si)eeially 
trained for the direction and nianagcnient fif large indus- 
trial concerns as well as of others qualified for the minor 
hut very iniix>rlnnt supervisory posts in them. On the 
other hand it cannot lx; expected that capable and ambi- 
tious men will devote themselves to acquiring this special 
knowledge and skill unless they see a reasonable prospect 
of exercising it and gaining a decent liveliluxxl thereby.** 

Significant as the remark is, particular attention 
should be drawn to its latter [lart which is suggestive 
of the high status the technical education should 
enjoy in the community. 

The i)rimary function of technical education will 
be to meet tlie needs of industry and commerce for 
(i) skilled craftsmen, (2) intelligent executives, fore- 
men, charge hands, etc. and (3) research workers. 
Technical education should on no account be regard- 
ed inferior to the academic type of education, and 
while students must be taught to be practical, their 
interest in academic subjects should also be main- 
tained to a reasonable extent. 

The Technical High Schools, to which reference 
has already been made, represent the most important 
stage of tecliiiical education in the proposed scheme. 

( )n completing the course in the Junior Basic Schools, 
capable pupils liking technical subjects or aspiring for 
technical occupations later in life may proceed to such 
.schools where, as in Academic High School, a .six- 
year cmirsc will be provided. The Board recommends 
that wherever circuinstaiiccs permit, polytechnics 
should be preferred to nioiiotecbnics. The following 
subjects will be taught in the Technical High St'hools ; 
(i) the ^lutlicr 'roiigue (2) Knglisli, (3) Modern 
Languages, (4) History (Indian and World), (5) Geo- 
graphy (Indian and World), (6) Mathematics, 
(7) Physics, (8) Chemistry, (q) Biology, (10) Kco- 
noniics, (11) Technical .subjects (wood and metal 
work, clcinenlary engineering, ineasiirc<l <lrawing, 
etc.), (12) Commerce (book-keeping, shorthand, tyjic- 
writing, accountancy, commercial practice, etc.), 
(13) Agriculture, (14) Art (including designs for in- 
du.strial and commercial purposes), (15) Music and 
(16) Physical Training. Tlie total niiiiibcr of places 
for which arrangement should be made in Tcebnical 
High Schools has not been clearly indicated, though 
the total number of places in the High Schools, lx)th 
types considered, has been estimated at about 72*53 
lakhs. I'his will largely be determined by the 
demand and growth of Indian industries in future. 

Many will complete their educational career at 
the Technical High Schools like those proceeding to 
Academic High Schools or Senior Basic Schools and 
will seek employment. Demand for skilled craftsmen 


in industry will be met generally by Technical High 
School pupils. The more ambitious and capable 
pupils may, however, proceed to Senior Technical 
Institutions or to the technological department of the 
Universities for higher studies. 

Senior Technicai. INvSTitutions 

A full-time course of the National Diploma type 
will be provided in these institutions. The first 
diploma course will cover a period of 3 years. 
Successful pupils may prepare for another two-year 
full-time advanced diploma course. Students receiv- 
ing such higher technical course will be eligible for 
the important posts of minor executives, foremen, 
charge-hands, etc. Creation of about 75,000 places 
in Senior Technical Institutions has been recoin- 
mended. 

UniVERSITIEvS 

The Board has made a scathing criticism of the 
university education obtained in this country at 
present. The alarming number of unemployed 
graduates, the large number of failures in the 
University examinations, unrestricted admission of 
.students to the University classes etc. points unmis- 
takably to the urgent need of a thorough reorganiza- 
tion of University education in India. The report re- 
veals that only a limited mimber, say 30 per cent 
of the graduates, is abst>rbcd in employment 
of a type commensurate with their attainments or 
with the time and money .spent on such education. 
The percentage of failures at the B.A. and B.vSe. 
examinations of all the British Indian Universities 
in 1940-41 has been calculated to be 46 per cent. 
Such high percentage of failure is unicpic and 
characteristic of Indian Universities and is novvlicre 
to be found outside India. This i.s largely the out- 
come of unrestricted admission without any con- 
sideration of the ability of the students for higher 
education. It has been found that, if Intermediate 
students are included in the llniversity, one in tlirec 
or, if they are not included, one in five of the High 
School leavers goes to University. In Kiiglaiid, 
Ckrmany and the United States one out of seven 
High School pupils seeks admission to Universities. 
The ill-conceived examination system is also no less 
resiK)nsible. The passing of the examination is more 
a matter of chance than of real education and scholar- 
ship. Speaking of the Universities, Mr. Sargent re- 
marked that ‘their examination system does not en- 
courage original thinking and real scholarshii) and 
that their general organization does not secure that 
close personal contact between students and teachers 
from which greatest benefits of University life are 
usually derived.* 

However, this high admission may create the 
wrong impression that Indian Universities are highly 
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developed and that their number is more than 
sufficient for this country. The illusion will, how- 
ever, disappear if these statistics are judged against 
the background of the entire population of India. 
Thus before the war, the proportion of University 
students to the total population was i to 690 in 
Germany, i to 837 in Great Britain, i to 225 in the 
United States, 1 to 300 in Russia, and i to 2,206 
in India. Again, while there are 12 Universities in 
England for a population of 41 millions and 13 
ill Canada for a population of Sji millions, 
there are only 18 Universities in India for a popula- 
tion of 400 millions. Thus here in the University 
education also, India finds herself the most back- 
ward of all principal countries of the world. The 
high proportion of students in Indian Universities as 
compared to the school-going population indicates, as 
the Board has pointed out, that the super structure 
of the educational sy.stcm was allow'cd to develop 
before the main edifice could be errected on broad 
and sound foundations. 

In view of these drawbacks and difficulties, the 
Board has suggested that admission to Universities 
should be carefully controlled by introducing a pro- 
per selection basis, whereby only the students with 
reasonable promise may be given the scope of Univer- 
sity education. For this purpose, it is proposed to 
introduce a standard of proficiency which at least one 
out of fifteen High School leavers may be expected 
to attain. On this basis, the Universities will be 
called upon to admit annually about 74,000 matri- 
culates. 

The next recommendation concerns the abolition 
of the present intermediate stage. Intermediate 
classes are now provided in many Indian Univer- 
sities, but the students completing this stage 
are neither regarded as under-graduates, nor 
are they given any special consideration at 
the time of appointment. Further the course 
now followed docs not also mark any definite 
stage of education. Some years back the C. 
A. B., the Inter-University Board and some other 
bodies suggested reorganization of the Univer- 
sity education by abolishing the Intermediate stage, 
'file Board now approves of this recommendation and 
accordingly suggests a three-year degree course as the 
minimum duration of a University course of study — 
a practice which is being successfully followed by 
European and American Universities. 

Granting, therefore, that about one out of fifteen 
High School leavers should prosecute further studies 
in the Universities and that Universities should make 
provisions for a three-year degree course, post- 
graduate classes and adequate research work, it has 
been calculated that about 2,40,000 places will be 
needed in Universities throughout British India. At 
8 ^ 


present there are about 1,21,484 students in all stages 
in the University course so that the proposed expan- 
sion of Indian universities should be sufficient to 
handle successfully double the existing number. The 
total annual cost, on the basis that Rs. 400/- will 
have to be spent on each student (excluding main- 
tenance), has been estimated at Rs. 9,60,00,000. 30 
per cent of this expenditure will be realized from 
tuition fees (only half the number will produce 
tuition gees) and private grants, leaving the Govern- 
ment to provide 70 per cent of the total exi)cnditure, 
i.e., Rs. 6,72,00,000 annually, from public fund. 

Financing thk Schemk 

Any discussion of the post-war educational 
scheme will be incomplete without any reference to 


TABLE 2 




Estiiiitatcd 

income 

Estimated 


Estimated 

from 

net 


i^ross annual 

sources r-xpetHiiiure 


expenditure 

other than 
public 
funds 

10 ue iiiei 
from public 
funds 

m 


Rs. in hikhs 

Rs. 

ill tnkhs 

Rs. in lakhs 

1. Basic (Primary and 



Middle) Education 

2. Pre-Primary Kduca- 

200,00 

— 

200,00 

tion 

3,20 

— 

3,20 

3. High Scluiol Eclu- 


cation 

79,00 

29,00 

50,00 

4. University Educa- 

tion 

9,60 

2,90 

6,70 

5. Technical, Coiiinier- 

cial and Art Eihi- 
cation 

10,00 

2,00 

8,00 

6. Adult Education .. 

7. Training of Teach- 

3,00 

— 

3,00 

ers 

6,20 

1.70 

4,50 

8. Sclicxil Medical Ser- 


vice* 

9. Education of the 

— 


— 

Handicapped* 

— 

-- 

— 

10. Recreative and .So- 
cial Activities 

11. Employment 

1.00 

- 

1,00 

Bureauxf 

60 

— 

60 

12. Administratiemt 

— 

— 


Total 

312,60 

35,60 

277,00 


* An amount equal to 10 per cent of the gross expendi- 
ture at the appropriate stages has been provided to meet 
the. cost of tlie Sidiool Medical Service and Education of 
the Handicapped. 

t Special provision has been made for this service in 
the b^inning; ultimately it should be absorbed in 
Administration. 

t Provision to cover the cost of Administration has been 
included at all stages. It is assumed that this will appro- 
ximate to 5 per cent of the grose expenditure. 
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the financial issues involved in implementing the 
scheme. While dealing with the different stages of 
the educational structure, we have already" quoted 
figures of annual expenditure for each stage. The 
adjoining table [Table 2] containing the estimated 
annual cost of the various branches of education, 
when in full working order, including those not dis- 
cussed in this article, will be useful. These figures 
have, however, been worked out on pre-war standards 
and are liable to mcxliiication in the event of any 
future change in the standard of living or increase 
in population, wlio.se extent is at present uiijiredict- 
able. 

Thus we find that the Oovernment will l)e re- 
quired to spend annually about Rs. 277 crore.s, when 
the scheme is in full working order. The extent of 
the educational development which the scheme seeks 
to introduce in the post-war period will now be 
apimrent from the fact that the present total expendi- 
ture on education, .so far as the figures for the year 
1940-41 go, amounts to at)otit Rs. 30 crores, of which 
about Rs. 17*4 crores come from public funds. The 
scheme will be gradually introduced in the form of 
eight five year plans covering a period of 40 years 
and the peak gross expenditure of Rs. 312 crores will 
not ht reached until the 40th year after its introduc- 
tion. The incidence of the increased cost of educa- 
tion as the live year programmes arc succcs.sively 
introduced has been roughly calculated and is indi- 
cated as follows : — 


Sth 

year 

Rs. 10,00 lakhs. 

loth 

year 

Rs. 23,80 „ 

15tli 

year 

Rs. 37,40 

20th 

year 

Rs, 61,4,S 

25th 

year 

Rs. 10G,<M) „ 

.KHli 

year 

Rs. 165,00 „ 

351 I 1 

year 

Rs. 2.S0,(X) „ 

40th 

year 

Rs. 312,00 „ 


The main activities during the first five years 
will be in the direction of planning, proiiagaiida, 
training of teachers, administration and organization 
of personnel. The required number of schools and 
colleges in different areas will alsri be established 
during this period. The remaining .seven five-year 
programmes will be devoted to the actual carrying out 
of the scheme. 

It is to be noted that a very large percentage of 
the estimated gross annual expenditure accounts for 
teachers* .salary. Let us only con.sider the Primary, 
Middle and the High School education. Largest 
amounts of expenditure arc involved in these three 
stages of education, whose combined gross annual 
expenditure has been estimated at about Rs. 279 
crores out of the total expenditure of Rs. 312 crores. 


As indicated in Table * 1 , Rs. iq6 crores, t.e., about 
70 per cent, of this expenditure, will acount for the 
payment of the teachers* salary bill. This sum by 
no means represents a very liberal financial provi- 
.sion for the teachers who are at i)resent hopelessly 
ill-paid, as the detailed statement of the teachers’ 
grade in different stages of education (Table 3 ) 

TABLE 3 


Schools 


Junior Basic* (Pri- 
mary) Schools (in 
eluding Infants A* 
Nursery Schools) 


High Schools 


Senior Basic 
(Middle) Sehmls 
(Vernacular and 
Anglo-Vernacular) 


Classification of 

Scale per 

Teachers 

mctisciii* 

Assistant Teachers 

Rs. 3-1-35-3 (bieii 

Head Teachers of 

nially)?50 p.ni. 

schools having 
(a) 1 or 2 class .section 

Rs. 10 alxjv( 

(b) 3, 4 or 5 class 
section 

.scale for .assis- 
tants. 

Rs. 6 O- 4 - 7 O. 

(c) 5 or 6 to 8 or 10 
class section 

Rs. 60-4-80 

... , 

— 

Assistant Teachers 

Rs. 40-2-80 

Head Teachers of 
schools having 
(tt) 3 or 4 class section 

Rs. 80-4-100 

(b) 4 or 5 to 6 or 8 
class section 

Rs. 00-4-110 

(f) Over 6 or 8 cla.ss 
.section 

Rs. 100-4-130 

Nbii-gradiiate Teachers 
Graduate Trained 

Tcai'hers 

Rs. 40-2-80 

Rs. 70-.'5-150 

Head Masters and 
Head Mistresses of 
schools up to 250 
pupils on roll 

Rs. 175-l0-2.s.'^ 

Up t. 500 pupils on 
n>ll 

Rs. 250-I0-3.SO 

Of over 500 pu|}ils on 
roll 

Rs. 350-15-500 


clearly iz’dicates. Tlie Hoard has rightly realized lliiil 
the success of the national system of ediicalioii 
depends entirely on the availability of the right type 
of teachers. Unless the pay and the status of the 
teachers arc rca.sonably improved, it is futile to expect 
right tyi)c of men with proiier training and attain- 
ments to join the teaching profession which is now 


* (1) Same scale for men and wtunen. 

(2) Tcnchcrs of village .schools .sliuuld have free lnni.si’- 
Where this is not jmssible 10 per cent, should he 
added to their salaries. 

(3) This scale which has been framed for wlial may 
be described as normal rural areas iiioy be incre:isc<i 
up to 50 per cent, to meet the needs of areas 
where the ci»st of living or other factors nessilate a 
more generous scale. 
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scarcely regarded ns a service of any real public 
itiiporlance. Kven after setting forth the scales, as 
enumerated in the table, the Board has expressed 
doubts whcUicr such a salary scheme is attractive 
cntmgh to secure the services of men and wonicu 
willi real teaching abilities. 

I'lie Hoard has suggested that this increased cost 
uf education has to be met out of current revenues. 
'I'll is means a pressure on revenue which can only be 
reduced by siinnllancously adoiiting a plan of indiis- 
trisili/alion of this country. With the return of i)eacc, 

:i large fraction of the sum now siient on defense can 
and should be diverted to finance the scheme. 
i*urlhcr, during the initial period, recourse* should 
he had to h)an. These suggestions for solving the 
liiiaiicial difficulties have been suiiiiiiarized as 
follows ; — 

“III regard to the large tiiianeial issues raised by these 
pronosals the Uoard realize that the cost of education like 
that of other essential services iiiusl ultini:itely be met out 
(if ciirrtMit revenues and that this will not Inr j^ossiblc unless 
ilic taxable capacity of ihe country is increased many 
limes. I'or this they can only look to an alUuit develop- 
iiieiil of the national rcsouriH's through a rntionul expan- 
sion of industry on the one hand and tlie improvement 
of .ngricuUure on Iho other. They believe, however, Ihut 
iK.ilher of these will bo possible without a wider exlctision 
of educational facililies and llie spread of oidiglUenment 
:iiiil expert knowledge which this will promote. Indeed 
ilicy are convinced that the dovclopmeiit of India\s econo- 
mic resources and the expansion of her social services are 
inseparably connected and must |iroceed side by side. To 
enable a start to be made some ri.sk, perhaps even a great 
lisk, imisi lie taken and the hoard recommend that for 
lliis |mr()ose the early stng<*s of development will have to 
lie financed riut of loan or out of such capital balances as 
may be available. In no ullicu way can a vicious circle 
lie broken. It is true lliat some diversion to the social 
wrvices of sums now devoted to defence may be f^issible 
in the post-war period and there is reason to believe that 
!i I'.ovcriimeiit prepared 1 <j face diflicullies miglit succeed 
ill releasing for these services substantial sums now in 
the ])ossessiun of religious Ixjdies after fully safeguarding 
ilic legitimate claims of the Ixidies concerned,” 

This fiiiaiicial issue has, however, proved dis- 
Miiietiiig to many ; but this is inevitable and un- 
Jivoidnhle. For a national system of education 


planncil on an All-India basis to meet the educa- 
tional needs of four hundred million people, the esti- 
mated ex()ciiditurc is far from lil)cral. Tlicn ngaiii 
it has been a planning not for the attainment of the 
highest educational level, Imt for the securing'' of the 
very mininiuin educational needs as recognized in 
any civilized country of the world. If this .'suni 
api)cars colossal, it is because India has so far spent 
little or nothing on education. India’s present ex- 
licnditiire for war effort is far more colossid. Her 
poverty and economic condition can hardly allow 
her to undertake such a vast exfienditure for a cause 
whose issues distantly affect India, if at all. But 
there has been so far no difficulty in securing this 
money and it has flowed in any amount from the 
Government exchequer. India’s poverty has not 
proved any bar to this flow. Fighting the evils of 
mass illiteracy in India is no less important, if not 
greater, than flghting the Axis enemy. The money 
required to execute the scheme for iiost-war educa- 
tional development can be secured without difficulty 
if the Govemnient has the will to do it. It is over 
the question of this will that grave doubts have been 
expressed. In a leading article in Scihnck and 
C uLTURK, April 1 044, it has been rightly recognized 
that “a national system of education can be built 
uij^|i|ikby a free National Governineul”. India is 
iidTOCT free, nor is governed by a National Govern- 
ment. This is the main obstacle in the way of i|ii- 
ideinenling the scheme which has ultiniitlely every 
chance of being no more useful than a mere decora- 
tion for the archives of the Imperial Sccrolariat. 

There is a Chinese saying : 

*‘If you are planning for one year, plant grain ; 

If you arc planning for ten years, plant trees ; 

If you are planning for a hundred years, plant 

men.” 

Trees may mature more slowly and men more 
quickly in India than in China but the moral applies 
to both. {Report by the Central Advisory Board of 
Education) 
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PLANNING FOR THE DAMODAR VALLEY 

M. N. SAHA AND R. RAY 
UNIVKKSITV COlIrSGK OP SCIKNCR, CAJ^CUTTA 


13 KADKRS of Sciknck and Cui^ture are aware of 
^ tlie problems of the Damodar river basin from the 
various articles which have appeared from time to 
timeS and also from articles appearing in the daily 
press. To evolve proper measures for a radical solu- 
tion of a problem of this type requires intensive study, 
and investigation by a large scientific and engineering 
staff. In the case of the Damodar, a large amount of 
such material already exists, of which the most im- 
portant one is comprised in the report of Mr E. L. 
Glass. From this, and other materials and from a 
close study of the measures adopted in other countries, 
particularly the U.S.A. within the last few decades**® 
we have tried to evolve a tentative scheme for the 
solution of the Damodar problems which we present 
to our readers, and to the public. The plan requires 
elucidation on many points and we have indicated 
wliat further work will be needed to bring if 
fection. But in spite of these shortcomings 
no doubt in our mind that the general outline is 
correct and may form the basis of far-reaching 
constructive work. 

Though it is only the people of Bihar and Bengal 
who are directly concerned in this problem, our 
studies should prove of interest to the whole of India. 
Human life in India, from times immemorial, have 
developed in the valleys of the great rivers which have 
served as natural highways, as arteries for supply of 
water essential for agriculture and other essential 
human purposes. But for ages past, rivers have been 
interfered with in an unscientific way by different 
parties, producing very injurious effects on agri- 
culture, public health and river communications. But 
modem scientific developments have enabled the 
advanced countries of the West and America not only 
to retard such evil effects, but to develop the rivers 
to the fullest extent for the above purposes and 
further • to develop hydro-electric power, wherever 
possible, and thus enhance the nation’s industrial 
capacity. 

Huge reclamation works of such tyx)e have been 
undertaken and completed particularly in Soviet 
Russia and America, and one of the best known 
example is the Tennessee Valley reclamation scheme.* 
The underlying idea is to take the whole river valley 
as one unit, and explore the fullest possibilities of 
the river .system for purposes of agriculture, naviga- 


tion .and power-generation, and then take wholesale 
measures for reclamation. 

In India, unfortunately, this unitary point of 
view has not been accepted, and the fullest possi- 
bilities of not a single river system has yet been 
completely explored. Piecemeal measures have been 
undertaken, with sometimes very disastrous results. 
Generally, but not always, irrigation has improved, 
but public health and communications have been im- 
pair^. No river has yet been fully explored from 
the standpoint of hydro-electric power development 
and use of this power for industrial purpose. It is 
time that we clearly comprehend the possibilities. In 
ouF studies we have tried to show that it is possible 
to treat the Damodar river basin, at no great cost, to 
full measures of planned reclamation, and thus con- 
vert a destructive river system into a beneficial 
agency, producing large amount of electrical power, 
ensuring water for irrigation and flushing of the lower 
basins throughout the year, removing the eternal 
menace to rail and road communication, and guaran- 
teeing public health. Nature, vested interests and 
thoughtless managements made a once prosperous 
valley a wilderness, but Nature, Man and Science 
can again make it a smiling garden. 

The source of trouble comes out of the mal- 
distribution of water, — the rainfall coming in abrupt 
surges and lasting only for a short period in the year 
during the monsoon months. The .solution of the 
problem lies in scientific storage and adequate 
management and distribution of the water resources 
of the basin, combined with land reclamation 
measure... 

The mean annual precipitation in the Damodar 
catchment (upper and lower) is, according to 
Mr Glass, 24 million acre-ft.* in normal years of 
water which is 1/5 the corresponding amount in the 
Tennessee Valley. Of this amount 19 million acre ft. 
is precipitated in the upper reaches where the run-off 
is large. According to Mr Glass the run-off may 
vary in this region from 55 to 85 per cent, of the 
precipitation. In the lower valley which comprises 
the low fiat alluvial .soil of Bengal, the run-off 
may be as low as 15 to 20 per cent. If we take 50 
per cent, as the mean run-off for the upper valley, it 

•23 Acre ft. =1 million cn. ft. 
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would not probably be a high estimate. We may 
therefore suppose that alwut 9*5 million acre ft. of 
water reaches the two rivers Damodar and Barakar, 
in the approximate ratio of 3 :2 (Selection p. 40). If 
this amount of water be averaged throughout the 
year, it will give us a flow of 14,000 cusecs at 
Raniganj due to the precipitation in the upper valley. 

The flow is however very unevenly distributed. 
The average flow during the flve rainy months (from 
middle of June to middle of November) is some 
30,000 cusecs; for the remaining seven months, the 
average is about 1600 cusecs. The actual flow, it is 
well known, is extremely fluctuating and during the 
major part of the dry season, the river is almost dry. 
It is obvious that if a large percentage of the total 
run-off water is detained by dams the fluctuations can 
be smoothed off and a large even flow can be attained, 
as will be shown, for the greater part of the year. 

We can also easily sec that we have vast re- 
sources in power which now rolls down the river 
doing no useful work, but only occasional large scale 
mischief. The river de.scends from a height of 2000 ft. 
at the source to 285 ft. at Raniganj. Almost the 
whole of the descent can be utilised for the production 
of electrical powder if a number of storage dams arc 
erected at suitable sites 011 the main rivers and their 
tributarks. 

Let us now calculate roughly the average amount 
<jf energy which the river dissipates in course of its 
descent from ^the hills to the sea. It is obviously an 
extremely difficult task. The river descends from a 
height of 2000 ft. to 285 ft. at Raniganj. We shall 
not be far wrong if we take the average ulilizahlc 
descent to be 300 ft. for power generation, though it 
appears to the writers that the flgiirc may be as large 
;is 400 ft. A simple calculation shows that in the 
former case the total energy dissipated is nearly 
3000 million kwh. (units), in the latter case 4000 
million kwh. This is - about 1/5 of the potential 
energy of the Tennessee River minus its affluents. In 
the calculation for the Damodar, all affluents ex- 
cepting the Barakar have been left out, as tliere are 
practically no data about them. We shall presently 
sec that about one-third of the river energy can be 
tapped, i,e,, about 1000 to 1200 million kwh. can be 
actually harnessed, and many suitable dam sites are 
available on the main rivers and their tributaries. 

Whether for flood retardation, water control on 
l»wer production*, the core of the constructive work 
lies in the erection of a series of dams in the upper 
Damodar and Barakar regions, and a series of 
barrages in the lower reaches for distribution of 
water for irrigation and flushing. The plan for the 
multipurpose dams are indicated in the diagram 
(Pig. 1), which we now proceed to explain. The 


dams should be designed for flood-detention, irriga- 
tion, generation of hydro-electric power, and possibly 
also for navitation on, at least, a certain stretch of its 
length. There are references in the old records of the 
Calcutta Port-Commissioners, in the reports of the 
early coal miners, that the Damodar was navigable 
from its mouth up to the Raniganj area, and coal 
used to be transported to Calcutta in barges in the 
pre-railway days. Picture of ruins of the old wharves 
in the coal area arc given in the Geological publica- 
tions (.sec Fig. 2). But unfortunately no details are 
to be found anywhere as to the size of the barges, 
minitmim draft and the season during which the river 
was navigable. At the present times the river stage 
is so low during the dry months that navigation is 
impossible, while during monsoons the stream i.s too 
furious to permit safe navigation. 

The construction of dams on the Damodar river 
and its tributaries like the Barakar, Usri and others 
was suggested by Lt. Gamault as early as 1863 for 
ttic mitigation of the annual flood of the river. More 
'detailed survey was undertaken by Mr Horn, Super- 
intending Engineer, in tqot. After the devastating 
flood of 1913, first Mr B. L. Snbarwal, then 
Mr Aclclams-Williams and later ^fr K. T^. Glass were 
deputed to recommend fuller remedial measures, after 
a scientific study of the problem. The results of the.se 
studies were presented in the form of four volumes of 
reports. Volume IV, and henceforward called the 
01 a.ss Report, contains a summary and discussion of 
the recommendations, others contain tables and 
charts. We have drawn freely from these reports, 
and practically all our technical informations have 
been obtained from them. 

Mr Glass, after survey, recommended the con- 
struction of flood detention dams 011 the main river 
and its tributaries. A large number of dam sites 
were surveyed, the details of which arc summarised 
below. We shall consider the sites in two broad 
divisions, the Upper Damodar river and the tribu- 
taries, which lies above the confluence of the Barakar 
river. The other on the Barakar river and its 
tributaries. The map of the region is shown in flg. 4. 


DfM Situs on tiie DAMoD.\tt Svs'ntM 

I, Parjofi Site , — The most promising dam site 
on the Upper Damodar River is found near the 
village of Parjori which is 50 miles above the con- 
fluence of Damodar and Barakar, and 5 miles below 
the Jamunia mouth on the Damodar. This site 
commands a catchment area of 3,000 sq. miles which 
includes all the important tributaries except the 
Gowai river. The bed consists of thick layers of 
rock suitable for dam foundation, sluices and spill- 
wa3rs. 



22 


SCIUNCK and culture 


Vol. X, No. I 



I'u;. 1. Daiiiodar Water Coiilrul SysttMii (Scliciiialic) showing how tliu Dams should be constructed to cuii' 
serve water resources for the pur|x)scs of adequate distribution and hydro-electric power generation. 
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The ptoposcd no ft. high Parjori dam on the 
Damodar river will head up the reservoir water in 
the Jainunia also, but will ^not affect the railway 
bridge even at the full reservoir strength and 
although a small area on the western edge of the 
Jharia coalfield* will be touched at high hoods, no 
working pitheads will be submerged. The proiioscd 
re.servoir will have a .storage capacity of 15,000 m.o. 
ft. or 0*345 million acre ft. 

It may be remembered that objection was 
raised by the Mining Association against the 
project of the construction of flood dam at Parjori 
(by Mr E. L. Glass in igig) on the UpiKT 
Damodar river on the apprclicnsion that there might 
he scet)age of water along the faults or fractures in 
the rock bed at the reservoir site and might affect the 
working in the Jharia coal fields. Dr C. S. Fox (now 
Sir), of the Geological Survey, investigated the 
project in igig and was then of the same opinion as 
that of the Mining Association, but his oi»inion was 
licit assertive to any great extent. But he has now 
eomplclely changed his opinion. 

“Hilt since 1919, the piaria coal field had hccii carefully 
re-surveyed (1926-29) ninl the geological striiclure of the 
coal field is now fairly accurately known and Dr l‘<»x i.s of 
lilt; opinion that there is little danger of such leakai'c into 
I he mines. The only objection to the scheme was Ihiis 
removed.*’ 

“It must he mentioned that the striiclure of the Jharia 
coal field was not fully known in 1919, and that ns a result 
of his own (Dr Pox’s) detailed geological survey of this cojil 
field hetween 1926-29 he was (dde to say with eonlideiice 
that tine to the presence of doleritc dykes, which will act 
as undergrouiitl groynes, and to the Dungri fault, which 
will draw off percolating water from the fiasiii to the river 
alcove Anilalxid, as well as to the deslruelion of the deeper 
coal seams by mica peridotites- percolation into the coal 
iiieasiircs from a flood dam holding up 35 ft. of water 
(position of the sluices, in the. proiscsed dam, alMive lied 
level) need not lie taken too seriously. He then drew the 
atleiitioii of the Irrigation Department to this faet now mi 
lliat they may revive llie Parjori Retarding Hasin project if 
llicy still felt any danger to the Hurd wan clistrict from higli 
llnods ill the Damodar. Dr P'ox considered such a |Mitefiti;il 
danger still existed. If such a flood <lain was now cons- 
Ivueled the 35 ft. of water held up in ihe. basin alxive the 
d.iiii w'ould ultimately silt up .'iiid, in the Jessop's bridge 
reach under const ruction, nii additional 32 to million 
tons of sand would he trapped. Tliis mhlilional sfuid would 
l»c nearly 20 ft. alxwc the present river hcil at the bridge, 

almost half w'ay iifi the piers. Dr Pox was unable, 
in the absence of more data, to .sny how .soon such a hasin 
\v»»uld silt up, but he thought that 5 to 6 years could be 
taken as an approximate guess if no sand was removed for 
hydraulic slowing.** {Transaction of the Miniufi ami 
H-ba/ Institnie of India, 33, 1937). 

It may be mcntioiicd Uial the Mining Association 
''as then thinking of ‘stowing* up their pits, which 
i^nlails the packing of the voids or caves, formed by 
tlic extraction of coal, by some other material, and 
J^aiid is very suitable for this purpose. It may, how- 
ever, be noted to the intere.st of the life of the pro- 
posed dam, that if sand is removed from time to 
lime from the bed of the reservoir for the slowing 


purposes, the life of the dam will be greatly increased. 
The Jharia collieries raise at the rate of about 10 
million tons of coal I'ler year, which means that about 
270 million cii. ft. of cavities are formed per year 
to l>o filled up by stowing. The quantity of sand 
requirtd is about 20 million tons. 

The 3,000 sq. miles of the catchment area have 
an average monsoon precipitation of 43 inches. If we 
assume that the nin-off i.s 50 per cent, the total volume 
of water reaching the Parjori re.servoir is about 3*4 
milliou acre ft. Taking the average ‘head* as 60 ft. 
for power generation, the total energy poured down 
across the site is found equivalent to about 200 million 
units (kwh.) of electrical energy. Under actual 
operating condition, however, the available energy 
would be imich less, depending upon the overall 
ciHcicncy of the plant, which includes utilization 
factor for the total resources of water, turbine efifi- 
ciency, iiowcr factor and other details. If the 
efficiency factor is taken to be 75 per cent, the total 
energy production will be 150 million units, but pro- 
bably the height of the dam can be further increased. 

Much of this power will be ‘secondary* i.c., 
available only during the rainy seasons, unless the 
total storage capacity of the reservoirs is large enough. 
If a number of reservoirs is built up in the upper 
valley and on the tributaries, a large fraction of it can 
be converted into ‘primary* power i.c., it will be 
available Ihroughont the year. On account of the 
proximity of the coal fields it will be po.ssiblc to have 
auxiliary tlicrnial generators for the dry seasons al 
no great cost. 

The Parjori sites, we find, is very much similar to 
the Sherman Island iiower stations 011 the Hudson 
River, New York, in ig24. There the head was 
00 ft. drainage basin 3,782 sq. miles, discharge rate 
6,380 ciisccs, and electrical energy obtained was 81 
million units in a year. This c]iiantity must have 
been increased within the last twenty years. 

If the nin-off water of the entire basin is re- 
leased nniforiiily for six nioiillis it will give an 
avenige flow of 10,000 cusecs. With this flow and a 
head of 60 ft. it gives a |>ower out] nit of 50,000 kw. 
or 67,000 li.p. 

Ayar Site. About 17 miles above the Parjori 
site, there exi.sls another dam site opi)o.sitc the 
village of Avar where a rocky rapid of 3 to 4 ft. 
height occurs. At the head of this rapid there is 
h.ml gneiss rock exposed right across the bed, a 
small hill on the right hank and the left bank slopes 
up at about oiic-in-fifly over 100 ft. above the iK'd. 
A dam, 100 ft. high would be about 4,000 ft. long 
(lc.ss than a mile) at crest level. The valley is deep 
and narrow. The storage capacity of the reservoir is 
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Fig. 2. Old coal-exporting K^ut, near Egara, Kaiilgaiij coal-lield. Tlii.s view il!u.stnile!« that coal used to he 
exijortcd to Calcutta down tlic Damodar river during the monsoon periml, previous to E. I. Railway constructed 
at Roniganj in 1815. (Reproduced from Memoirs (reoL Surv. Ind., Vol. 61). 



Fig. 3. Profile of the Damodar River (based on Lieut. GaruaulCs slope data, im). 
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therefore quite small. The catchment above the dam 
site is 2,000 sq. miles. 

It appears therefore that this site would be suit- 
able for a power dam provided a larger storage and 
regulating reservoir can be built above it. It may be 
noted with interest that there is a site near Ranigarh 
about 15 miles above Ayar. It is* also possible, as 
Mr Glass noted, to control the head waters at the 
Bhera Nadi by a dam which would feed the main 
river above Ayar site. 

Assuming 50 per cent, run-off of the 43 inches 
(if rainfall, and 60 ft. available head, the energy which 
will be handled by the propo.scd Ayar dam calculates 
out to be some 133 million units in a year. 

3. Ramgarh Site, — According to Mr Glass, 
Kamgarh is the uppermost site available for the con- 
struction of a dam. The site has a catchment area of 
about 1,000 SCI. miles, and the proposed reservoir will 
liavc a storage capacity ol 9,000 million cu. ft. 

l^ic water resources of this valley is atxmt i*i 
million acre ft. in the monsoons, and assuming a head 
(jf 50 ft., the total energy dissipated by the river 
iluring this period is some 55 million units. 

4. Control of the Tributary Rivers. — The possi- 
bilities of the head waters control in the tributaries 
of the Damodar river has not been properly investi- 
gated but their possibilities were not overlooked by 
Mr Glass.® The following afllucnts are of importance 
for flood detention and power jirojccts : 


Tributary River 

Jaiiiunia' River 
konari River 
(lowai River 


Catchment area 

350 sq. miles 
730 sq. miles 
450 sq. miles 


Tdtnl 1530 sq. miles 


Thus these three tributaries control more than 
half of the Parjori catchment. But Mr Glass was not 
much interested in these sites as he ob.served that 
none of these would have large storage capacity for 
flood detention. He writes : 

“I have considered the alternative of two or more 
<iains on branches such as the Gow.ai. Janiuiiia and Ktmaree 
with a total catchmeiit of say 1,000 sq. miles, but from what 
I have se.en of the valleys of these affluent.^ ami know of 
die steep slopes of their beds, I am not at all luqjcful of 
obtaining .suflicient capacity at rca.sonable cost and much 
prefer to have a larger catchmeiit under control.” 

These tributaries, as noted above, individually 
command catchment areas which are much larger 
than the Usri and Tiliya catchments. It will be dis- 
cussed later that the Usri dam has been proposed as 
a iK)wer site. — ^Thc .steep slope and deep valley which 
were mentioned by Mr Glass for the Gowai, Jamunia 
and Konaree rivers, might prove on further survey 


to be excellent dam sites with large available head 
for hydro-electric power generation. Mr Glass, how- 
ever, was not so much interested in power projects as 
in flood control for which his service was .specially 
requisitioned by the Government of Bengal. His 
valuable reports, however, gives us sufficient in- 
dication and guide for future survey on the modern 
ideas of dam construction for power generntion as 
well as headwaters control for flood. 

5 . Site bchvecn Parjori and Barakar junction . — 
The river level at Parjori is 540 ft. and that at the 
junction is 285 ft., the distance between them being 
50 miles. If dam sites can be found in this region, 
the tail waters from the Parjori can be used over 
again to generate electrical i>owcr. This would give 
us almost the same or a larger amount c.g., 20Q 
million units, as obtainable at Parjori. 

No attempt was however, made to discover any 
dam site in this stretch because 

(1) the Parjori site alone was tliuiight to bo sufficient 

for flcxHl deiiteiilion, and 

(2) the depth of sand layer over the bed rtn-k was 

considered to be too great for the construction 
of earthen or masonry dams. 

According to Mr Gee,‘* the sand layer at this 
region is nearly 50 feet, and the average depth of the 
Damodar bed of sand may be taken to be 40 ft., 
although at places the thickness may be as great as 
80 ft. 

A few points should, however, be noted in this 
connection. It would be very lucky to get bare rock 
for dam foundation, but the engineers seldom have 
such luck. Where the overlying sand is deep, the 
conslrnction of dam on such sites becomes more 
expensive. In the IJ.S.A. dam sites which were 
otherwise good have not been rejected even when 
the overlying layer of .sand was a.s much as ion ft. 
deep. For instance, the river bed at the Chickamauga 
dam on the Tennessee River is overlayed with 40 to 
50 feet of sand clay and gravel,'* and the Arrow 
rock Dam on the Boise River, Idaho State, U.S.A., 
has its foundation gi ft. below the sand layer.'® 
(p. 1066.) 


TABLE 1 

Total Knkrgv rksourcks at thk Tppkr Bamohar Vauby 

OUT OP THE MONSCXIN WATERS 

J’arjori site ... ... 2(X) inillioii units (kwh.) 

Avar ... ... 133 

Ramgarh ... ... 55 

Tributary sites (Total approx.) 100 

Site between Parjori and 

Barakar junction ... 200 


688 million units. 
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Thk IUrakak Basin 

The Barakar River is the largest tributary of the 
I3aniodar, and contributes about 40 per cent, of the 
total flow in the Lower Daniodar River. The 
control of the Barakar river is therefore equally 
important for flood control or other projects. 

I. I lorn* 5 Site. — After the disastrous flood of 
Tqoo, Mr D. B. Horn, Superintending Engineer, was 
put on special duty to find out remedial measures to 
mitigate Damodar floods. Mr Horn selected a dam 
site on the Barakar river in 1902 at a place just above 
its confluence with the Daniodar River, near the 
village of Durgapur. The location has been named 
Horn’s site. 


which will be. impounded in this reservoir is about 
8,640 million cu. ft. or o’a million acre ft. (x million 
cu. ft. = 23 acre ft.). 

Boring on the site showed that the bed rock is 
to be found 40—50 ft. below the overlying layer of 
sand. The site was di.scarded by Mr Addams-Williams 
because he thought that the depth of sand was too 
great. But as mentioned before, in America, dams 
arc constructed even when the bed rock has been 
found a hundred feet below the surface. 

This site will command practically the whole of 
the Barakar catchment. The amount of water 
running through the Barakar river in the year is 



F/c. 4. 


The dam site is quite suitable and Mr Horn found some 3*8 million acre ft. which will pass doum the 
that it is situated among the hills, where building Horn’s site. Taking the available head to be 35 

material is plentiful. The gorge is fairly narrow and the power resources at the dam site is about i33 

the slope of the bed is not more than 6 ft. per mile, million units. 

A masonry dam of 70 ft. height will back up its 2. Deolbari Site.-— 22 miles above Horn’s site 

water up to about 12 miles. The volume of water there is another dam site near the village of Deolbari. 
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The right bank of the Barakar river at this place 
rises steeply out of the river bed, and the left bank 
attains a height of over 90 ft., at a distance of 3,200 ft. 
from the river. The slox)c of the river bed is about 
7 ft. per mile. A dam of 130 ft. in height can be 
constructed, impounding 17,000 million cu. ft. of 
water. 

The bed rocks lies about 30 ft. below the sand, 
but the rocks themselves are not very much suitable 
for dam foundation, abutment and spillway. 

Although the Deolbari site was rejected in 1918 
due to some defects of the bed foundations, the 
similar experience of the Tennessee Valley Authority 
within the last ten years gives us ample scope for 
accepting such sites. To mention, the Norris Dam 
on the Tennessc Valley was found to have very in- 
ferior bed formation but this has been completely 
cured by cement grouting at the foundation rocks. 
]\xtensive grouting has also been adopted for the 
('jimtersville and Chickamauga Dams.'* It is there- 
fore not unlikely that the Deolbari site may, after 
]»roper treatment of the foundation rocks, be found 
suitable for construction of masonry dam. 

Taking 3 2 million acre ft. of water passing down 
the site at an average head of 50' ft., the total elec- 
trical energy comes out to be 160 million units. 

3. Palkia and Balpahari Sites , — The best dam 
site oil the Barakar river is near the village of Palkia 
about 16 miles above Deolbari or some 40 miles above 
tlie junction of the Barakar with Daiiiodar. The pro- 
posed Palkia dam 125 ft. high will head up water in 
the Usri river also which has joined the Barakar river 
just at this site. The Palkia site commands a 
catchment area of 2,000 s(i. miles with a monsoon 
rc.s()iirces of about 2*3 million acre ft. of flow water. 
The storage capacity of the reservoir would be about 
20,000 ni.c. ft. (or 0*46 million acre ft.) of water. 
Taking the available head to be 60 ft., the energy 
handled by the river is 138 million units during the 
monsoon. There is a site at Balpahari about 3 miles 
down the river, which is in certain respects better 
than Palkia, and the choice has to be made between 
these two sites. 

4. Tiliya Sife.— This is the uppermost dam site 
on the Barakar river, some 50 miles above the Usri 
junction, controll ing 270 sq. miles of catchment area. 
Near the village of Tiliya, two ranges of low hills 
which hem in the river for about 7^ miles approach 
within 1,600 ft. of one another. The slope of the 
hed being only 4*13 ft. per mile and the height of the 
hills more than 130 ft., a dam of at least 130 ft. could 
he adopted which would set back the water about 
31 % miles. But the proximity of the Upper Barakar 


Bridge limits the size to 54 ft. This will pound up 
water about 13 miles.* 

It may however be noted in this connection that 
in the TVA operations in the U.S.A., hundreds of 
miles of roads and railways had to be rearranged, 
old bridges removed, and new ones built,*'* (i). 917) 
so that if a site is otherwise good, railway alignments 
and bridges may not l^e regarded as ‘Sacrosanct*. 

The water resources of this site is about 0*25 
million acre ft. Although the Tiliya site has a 
catchment area the same as that of the Usri river, 
the dam will give us more hydro-electric power than 
from the proix>scd Usri power project due to the 
higher head of water. The i^roposed Tiliya dam is 
130 ft. high as compared to 70 ft. for the Usri pro- 
ject.’ With a head of 60 ft. the power resources at 
the Tiliya is nearly 15 million kwh. 

5. Usri Site . — The Usri river is an important 
tributary to the Barakar river. The catchment area 
is 280 sq. miles and the run-off water of the basin is 
about 10,000 million cu. ft. (or 0*23 million acre ft.) 
during the entire monsoon. The proposed dam is 
70 ft. in height so that the energy resources is shown 
to be about 7 million units. 

The Usri river has a steep gradient so that a 
number of dams may be planned to utilize the 
maximum advantage of the drop of the river across 
successive dams, just as in the case of the dams on 
the Occoee, a tributary of the Tennessee. 

TABLE 2 

Totai. Knkkoy Rissourcks of thr IUkakak Basin 


Horn’s Site 

... 133 inilliuii kwh. 

Deolbari 

160 

Balpahari 

... 138 

Tiliya 

... 15 

Fsri 

7 


453 iiiillion kwh. 


With the help of these dams on the Damodar 
aud Barakar we have the possibility of harnessing 
the total energy of i;i4i million units every 
year. Taking that about 75 per cent, of the 
resources is utilizable we can get some 850 million 
units. The gross sale proceeds of this amount is 
more than 2% crores of rupees at the average rate 
of % anna per unit, and 1% crore at the rate of one 
quarter anna per unit. 

To consider, on the other hand, the question of 
the water management and <coutrol, if all the above 
mentioned dams are constructed, about 30 per cent, 
of the total run-off can be stored up. 
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TABIJi 3 

Stokagk Capacitiks and Caichmknt akxas 


Daiiiodar 
By stem. 


Baraknr 

system. 


Dam Bite 


l*arjori 

Ayar 

Rumgarli 

3 Tributaries 

Site below Parjori 

TTurti’s site 
Deoibnri 
Palkia 
Tiliya 
Usri 


I 

; Stonge capacity 

1 (million aere ft.) 

1 

; Catchment area 

1 (eq* miles) 

fill 

|ll^ 

0-35 

3,000 

117 

010 

2.0(K) 

50 

0-20 

1,000 

200 

0-30* 

1,530 

190 

0-40* 

3,500 

no 

. 0-20 

2,500 

80 

0-39 

2,250 

173 

0-46 

2,000 

230 

Ol.S* 

280 

535 

0-12 

270 

440 


• Tlu\se %urcs are tentative. 


It is difllciilt ffive our readers any accurate 
fiifure for the cost of construction of the dams in 
absence of any detailed idan. But so far roughly 
estimated by Messrs (Hass and Addains-Williains, 
in ro;’2, the three dams viz,, Parjori, Palkia and 
Usri would cost about two crorcs of ruiiees. Bui ac- 
cording to more recent ideas it seems that the co.st 
would go up to 8-9 crores of rupees for the total 
storage of 1*5 million acre-ft. of water, which means 
about 60 rupees per acre-ft. To compare this figure 
with those of other countries we find that the 
Mississii)pi dams, designed only for floi^ detention, 
were i>lanned with an average of about 40 rupees per 
acre-ft.*, and for the Tennes.see dams of the multi- 
puri)o.se type (flood detention, irrigation, navigation 
and hydro-electric power generation), the average 
goes above 100 ruiiees per acre ft. of storage". Thus 
the nnigh costing for the Dtimodar dams is well 
U'ithiii reasonable limits, and they are by all means 
economically ])racticable. The dams on our plan 
have a shjrage capacity of 2^3 million acre-ft. 
(Table 3) and may cost between 25-30 crores of rupees 
at the average rate within 100 rupees per acre-ft. 
A direct income of about 2 crores of rui)ccs 
would be turned out of hydro-elcctricity alone. The 
indirect income, due to all-round improvement of the, 
upper and lower basins cannot be estimated. 

We have not included, within this article, any 
l)lans for dealing with the lower basin below Rani- 
ganj. This region suffers from lack of water during 
the winter season, and hence no winter crop 
can be grown in about a million acres of ex- 
cellent soil. Further, the part to the north 
and ca.st of the river, on the left bank, suffers 
from malaria due to water starvation caused 
by embankments, and the region on the right bank 
from chronic water logging. It is obvious that the 


construction of reservoirs according to our plan will 
conserve about 30% af the total run off, i.e., about 
2*50 million acre ft., which can give us an average 
flow of about 5,000 cusecs during seven months of 
the dry season, and this will be great help for the 
reclamation of the lower basin. Detailed plans will 
be published later. 


Treatment of the Upi*er Catchment Areas 

Tlie Chota-Nagpur plateau from which the 
Damodar river and its tributaries emerge are mostly 
bare and denuded. About 3,500 sq. miles of the 
upper Damodar reaches are waste land or covered 
with meagre forests, while, about another 2,000 sq. 
miles are under cultivation. In the north Barakar 
basin, as reported by Mr SabharwaT, Bihar Con- 
servator of Forests, there are extensive areas where 
all forests have entirely disappeared by repeated 
cutting, firing and uncontrolled grazing. 

The bare areas are readily washed off and the 
rivers have to carry a heavy load of sand and silt. 
This deteriorates the channels of flow, and form sand 
bars and deltas near the mouth. The original soil 
gets more and more barren and has less power lo 
soak and retain the rain waters. 

It is highly desirable that the Government should 
take up the problem immediately and enforce laws 
for forest preservation and erosion control as sug- 
gested by Mr Sabharwal. The erosion conlrol 
management will lie in regulation of cutting of 
forests, of grazing and pasture land, afforestation and 
planting,, terracing, dyking, gully plugging, etc.^ 


Afforestation and Water Control 

Afforestation in the upper catchment areas of the 
Damodar and Barakar rivers are strongly recom- 
mended for preventing erosion of soil, to improve the 
channel 'ind lengthen the life of dams. Claims from 
certain quarters have been made that afforestation on 
the Damodar catchment areas would also be sufficient 
for prevention of floods, and no detention dams would 
be necessary, or if the dams are to be made they are 
only of secondary importance. We widely differ from 
this view and hold that afforestation can, under no 
circumstances whatsoever, prevent catastrophic floods 
of the type that frequently ravage the Damodar 
Valley, As their arguments are confusing and mis- 
leading it is necessary to examine them in a true 
scientific spirit. The claims of the afforestation 
enthusiasts are as fellows : 

(i) Effect on Rainfall, — ^They claim that affore- 
station somehow, affects the rainfall in a basin. 
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There is, however, not a single iota of positive 
proof in support of this claim, although some have 
fancied that humidity of the sky in the area is to 
some extent increased by the presence of forests. Such 
effects, even if they exist, must be extremely small 
compared to the huge monsoon currents which are 
responsible for the precipitation on the Damodar 
Valley and the plains of India. These currents are 
due to utniosidieric conditions in the Bay of Bengal, 
and these conditions cannot be modified by land 
conditions, and there is apparently no physical reason 
why these currents, which generally are thousands 
of fee in depth would be affected materially by the 
growth of forest in any area. There has not yet been 
evolved any method by means of which man can 
control rainfall, 

(2) Reduction of Flood Crests.— Jt is generally 
found that vegetal cover of a tract reduces run-off of 
water by increasing the absorptive power of the soil 
for water. But the magnitude of the retardation of 
stream-flow is neither guaranteed nor has any gene- 
ralised value. The problem has remained for long 
extremely controversial, — opinions going to extremes, 
on one hand some are of the opinion that the vegetal 
cover greatly reduces the stream flow, while others 
contend that afforestation increases flood tendencies.** 
On the Tennessee Valley, for example, the flood has 
generally decreased due to the deforestation of the 
catchment areas as analysed by S. M. Woodward, 
Chief Planner of the Tennessee Valley, at the Up- 
stream P^ngineering Conference.*® 

^fr L. Glass considered this phase of hydro- 
logy in preparing his flood control project for the 
Damodar river, and remarked— 

"Large expenditure 011 affureslatiuxi seems inadvisabk*. 
as lieav}' lltxals arc caused entirely by prolonged heavy 
rainfall, when the soil is saturated and the absorption in 
forest humus is no more than in open country, though 
forests do no doubt reduce the smaller floods and the 
scouring of soil.’*® (p. 157). 

This statement of Mr Glass requires some eluci- 
dation. The great flood of 1913 was due to precipita- 
tion of 12 inches of rainfall in course of 5 days in the 
catchment area above Raniganj. When such con- 
tinuous heavy precipitation takes place, the grount^ 
is completely soaked, and can al)Sorb no more water. 
In fact, the run-off was found by Glass to increase 
from 30 per cent, at the beginning to 85 per cent, at 
the end of this period of 5 days. The resistance 
offered by trees, dykes, or terracing would be quite 
useless, and they generally break down in the face of 
such heavy rush of water, and such measures can 
never prevent a catastrophic flood. In fact, the crest 
of the flood reached in 1913 was lacs of cusecs, 
and Mr Glass has shown by his illuminating analysis 
tliat every catastrophic flood occurring before this 


date was due to similar 1/eavy and continuous pre- 
cipitation extending over 72 hours or more in the 
catchment area. 

So even admitting that afforestation can prevent 
the crest of floods due to normal, or slightly 
abnormal precipitation, it is obvious that such 
measure arc quite ineffective against conditions 
which give rise to catastrophic floods. But it is 
these catastrophic flocxls which generally burst the 
embankments, and destroy communication lines, 
cities and villages, and preventive measures have to 
be devised against them. Against normal floods no 
prevention measrues need be taken. 

Certain isolated laboratory and controlled fleld 
exi>eriments, are however cited to show that the 
vegetal cover of a tract may lead to an absorption of 
the rainfall up to even 99 per cent. But can large 
natural river basins comprising millions of acres 
and containing thou.sands of hills and mounds be 
treated in the Siiine way as controlled field ex- 
periments? In order, therefore, to get a con- 
structive idea of any real significance of afforestation 
and other land treatment measures, it would be safer 
to learn from the statistical informations of the 
natural field conditions on different treatment. 
Mr H. H. Bennett, Chief of the U. S. Civilian 
Conservation Corps says, 

"Our work in the Ia.st two ye.ir.s in 141 watersheds 
throughout the country (U. S. A.) indicate.s that the 
volume of run-off water can be rctiuccd 20 to 25 per cent 
through the use of erosion control methods.”'® 

This figure therefore may be taken as the 
average maximum for the retardation of the run-off 
water, when complete afforestation, and erosion 
control measures, as far as practicable, arc under- 
taken. 

(3) Ground lYater.— Any water soaked into the 
soil, will either be evaporated, utilized by plants, 
or find out its way by seepage as underground 
water. Does a vegetal cover increase or de- 
crease the ground water ? Evidence on this 
point is conflicting, though some are of opinion 
that a vegetal cover increa.ses ground water. 
We see, however, that a part of the ground 
water is sucked up by the plants and ultimately 
evaporated off through the leaves. So there is a con- 
siderable transpiration loss of water due to forestation. 

The seepage feed of the channels, it may be 
noted, docs not necessarily increase with vegetal 
cover of the tract, for, we read : 

"The best ground water aup|)ly is found in regions of 
ample precipitation where botli soil and subsoil are of fine 
sandy character and forest cover is absent”'® (p. 211). 
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Professor Barrows” has cautioned very empha- 
tically against the indiscriminate statements of the 
afforestation enthusiasts in the following words : 

“Unfortunately, too, advocates of forestry in their zeal 
for forest preservation often make broad and unqualified 
statements characterising all forests as water conservators 
and using this often erroneous statement as their chief 
argument to justify continued forestation, instead of allow- 
ing the worthy objective to stand, as it should, on its own 
merits"' ‘ (p. 84). 

\Vc can thus sum up : — 

(1) The chief utility of afforestation and other 

land treatment measures is in soil con- 
servation, lengthening of the Jife of 
dams, retardation of normal flood 
crests to about a maximum of 20 
per cent. 

(2) The claim that afforestation and other 

allied treatments affect rainfall is 
absurd ; the claim that they increase 
ground water is debatable. 

(3) Catastrophic floods are due to a combina- 

tion of physical conditions against which 
afforestation and land treatment 
measures are useless. 


PROBhKMs OK Silting of this Proposkd Reservoirs 

Under the conditions prevailing in 1918 the 
Damodar waters carry, according to Mr Glass, a silt 
load of i/ioo by volume during heavy surges of 
flood, but during average floods the proportion is 
1/200, and for the entire monsoon, the average silt 
ratio is 1/500. 

l.et us now try to visualise how the deposition 
of the sand ensues in the reservoir. The load of sand 
and silt moves on in the stream when it runs with 
failry large velocity. When the stream enters the 
reservoir its speed is retarded to a great extent so 
that the suspended particles begins to settle freely to 
the bottom of the reservoir. The supernatent water 
passes down the spillway of the dam, free of sand, 
but may be charged only with the finest silt which 
still remains in suspension and passes on. 

It is evident that if the catchment area above the 
dam is large it will supply erodable debris of soil in 
the stream proportional to its area. Thus, larger the 
catchment area, the larger the silt deposition for 
which the reservoir capacity should be increased in 
order to allow for the sedimentation without imi>aring 
the useful storage. 

It is however difficult to asign a definite storage 
capacity of the reservoirs per sq. mile of the catch- 
ment area above it, unless the erodability of the basin 


is fully known. According to Mr Brown^* it is im- 
portant that a suitable minimum ratio of reservoir 
capacity to watershed area be provided. “This 
minimum ratio varies from 75 acre ft. per aq. mile in 
the Southern States to 250 acre ft. per sq. mile in 
the Texas-Oklahama region (desert), it depends on 
the rate of erosion, which is detennined in part by 
vegetal cover on«the watershed.”” The Damodar- 
Barakar basin is obviously not as bad as Texas- 
Oklahama which is abnormally erodable. Table 3 
shows the storage capacity, catchment area and their 
ratio for the proposed reservoirs on the Damodar river 
and its tributaries. 

The problems of silting of the Damodar reservoirs 
were considered by Mr Glass (1919) and by Mr 
Kanwar Sain* (1944), the results of which is extreme- 
ly hopeful and satisfactory. It would be illuminating 
to quote the relevant portions of the discussions to 
elucidate the points. 

“Considering the average monsoon rainfall as 43 inches 
and assuming 40 per cent run-off, the total volume pf mon- 
soon flow per 3 ’ear per 100 sq. miles of catchment area 
would be 100 x 2, 323, 200 x 43 x 0-4^.3, 905, 904, 000 cu. ft. or 
nearly 4,000 million cu. ft. 

“Taking the average silt ratio as 1/500 the total volinne 
of silt carried during 50 years from a catchment area of 
3,000 sq. miles (Parjori catdiment) would be 12,000 million 
cu. ft. or nearly ^ per cent of the reservoir capacity 
(Parjori Reservoir 15,000 m. cu. ft.). 

“Mr Glass has added that some of this silt would pass 
out directly through the conduits, while the remainder 
would drop in the basins, some to remain and some to 
pass out through the conduits later on with ordinary mon- 
soon flow. It is evident from the alxive coiisileration tli.at 
it would be an extremely long time before the basins silted 
qp sufficiently to impair their usefulness and the safety of 
the dams. ^ 

“This was for Palkia and Parjori basins. For Usri, 
assuming the same average silt ratio of 1/500, Mr Glass 
worked out the annual^ volume of silt deposited in the re- 
servoir as about 20 million cu. ft. or 0*8 per cent of the 
total capacity. Mr Glass concluded 'This need not cause 
apprehension as it would take over 30 years to reduce 
the capacity by 25 per cent and this period would be ex- 
tended by the pas.sage of .some fine silt through the 
sluices and over the spillway, while some of the deposit 
would be abuve spillway crest level in the upper basin pro- 
vided for flood detention*." 

The observation in the silt-ratio of the Damodar 
river as given by Mr Glass is not very accurate. 
Mr Kanwar Sain points out “Mr Glass’ estiinale 
given above is based on one season’s observations 
only. The actual solid matter according to observa- 
tions come to 1/828 by volume. Mr Glass increased 
it to 1/663 by applying specific gravity of clay and 
silt. This correction is open to question. Captain 
Gamault found the proportion to be 1/590. These 
observations were for small floods. In heavier floods 
the silt concentration may be heavier. According* to 
Paris the maximum silt percentage usually occurs 
prior to the maximum stream discharge.” 
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We collect the following comparative silt loads in 
different streams, from Mr Kanwar Sain’s note* : 

TABLE 4 


Comparative Sii,i I/iars 


River. 

Silt m 
Ratio 

itio by volume 
Percentage 

Remarks. 

Damodar 

1/500 

0*20 

Mr Glass' one season's 
obsii. 

If 

1/828 

012 

Average of obsns. 

i» 

1/663 

015 

Correction with Sp. Gr. 
of clay by Mr Glass. 

II 

1/590 

017 

Capt. Oamault. 

All sea.sons between 
1916-33. 

Uhakra 

(Punjab) 

1 

0*064 to 0*186 

II 

Rio Grande 


0-15 to 0*45 

During monsoon. 

(U.wS.A.) 


0*25 to 0-5* 

Spring floo<is. 

Flashy summer 

II 


2*0 t(i 5* 


* Vigures are originally given as 0*5 to 1 per cent and 
4 to 10 per cent liy weight. We have taken sp. gr. of 
soil roughly 2 to get these figures. 


“After cxatninitig a large miinber of case.s 
varying from i8i to 167,000 sq. miles of catchment 
.areas and scattered over America, South Africa, 
Jhirma and the Punjab which catchments giving rise 
to heavy silt charged streams, Khosla arrived at the 
following conclusions : 

“(a) The rate of silting falls of! with years. 

“(h) The annual rate of silling per 100 sfi. 
miles of catchment lias an upper average 
limit of 75 acre ft. for arid catchments 
which give rise to heavily silt laden 
streams. The absolute maximum rate 
for any major catchment will, perhaps, 
not exceed 90 acre ft.” 

That the life of the proposed dams on the 
Damodar and Barakar rivers will be about 200 


years even under the existing silt-load conditions of 
the streams has been shown by Mr Kanwar Sain by 
more detailed calculations: 

“The probable silling of the Damodar reservoirs 
may be roughly estimated by comparing the silting 
rates of other re.scrvoirs exposed to similar conditions 
as prevailed on the Damodar. 

“The Soil Conservation Service (U.S.A.) has 
made considerable studies of sediment surveys in 
existing reservoirs. From this data Berard J. 
Wit/ig* lias evolved the following formula : 

ASu-KSr)* 

in which ASk -annual silting rate of depiction or 
depletion of storage -in acre ft. per 100 sq. miles of 
drainage area ; I = Coefficient, called the ‘regconal 
index*; S'‘ =original storage, in acre ft. per sq. 
mile of drainage area ; a: = 0 8^= graphic slope of the 
plot on logarithmic paper. 

“The regional indices for Ulephant Butte Dam 
on Rio Grande River, New Mexico, and Roosevelt 
Dam on the Salt River, Arizona, in Witzig’s fonnula 
work out to be 1*51 and 0*69 respectively. Applying 
the mean ( = i’2) of the two indices to the three pro- 
posed re.servoirs on the Damodar system, the follow- 
ing results are obtained.” See Table 5. 

We have thus been assured that even the 
existing condition of silt load of the Damodar is not 
so dangerous as it has often been aL)prelieudcd on 
merely looking at the thing. The life of the proposed 
dams would be further enhanced by the adoption of 
erosion control mea.surcs on the upper catchment 
areas as mentioned before. 

A number of desilting measures and engineering 
devices have now evolved owing to the- increasing 

• Proc. Am, Soc. Civil l\nginecrs, June UM3. 


TABLK 5 

C/ll,CUr.ATION LlPK OF DaMS IIY WlXZiCj’S 1*0RMIII.A 


Site 

Original 
storate 
(acre ft.) 

Catchment 

area 

(sq. mile) 

Q col. 2 

coirs 

(Sr)"-” 

ASii =1(8 r)«” 

I - 1-2 

! bif(! of Dam 

1 col. 2 

, ^ coi. 

: 10. 

1 

I 

2 

3 

4 

5 

6 

7 

1. Parjori on Damodar river 

345,000 

3,000 

115*0 

61*3 

1 

62 

185 years 

2. Hazaribad or Palkia on Barakar 
river 

463,000 

1,665 

278*1 

106*8 

128 

1 

228 ycar.s 

Dari .on Usri river 

1)9,800 

280 

213*6 

8.5*8 

103 

! 206 veara 
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demand of dams and reservoirs which prove to be 
great national assets for a country. Mr Brown says 

*‘Since 1900 there has been a phenomenal uicrea.se in 
the number and the scale of such reservoirs in this country 
(IJ. S. A.), with an acceleration in construction that was 
halted abruptly by the war. In 1941 there were on record 
aljout 8»900 dams and reservoirs, representing an invest- 
ment of nearly four and a half billions of doll^s. ^lany 
of tiiesc expensive works were cemstmeted with little or no 
consideration of the silting i>roblem, and tliere has been 

enormous loss of value as a consequence h'ortunately 

there is a growing consciousness of the need for sounder 
engineering prai^tice in designing and maintaining rc.ser- 
voirs. The need to conserve this resource is especially 
urgent during the war, since we do not have materials and 
Ial)our for constructing new <lams, and yet the demands 
on existing reservoirs are greater than ever liefore.*' 

In order to prevent rapid silting up of the 
rc.scrvoir.s the following measures are generally re- 
commended : 

(i) Afforestation and putting selective vege- 
tation at suitable regions of the catch- 
ment areas. 

(«) Terracing, dyking, etc. 

{in) Providing settling basins for smaller 
streams at the headwaters. 

(iv) Hydraulic dredging or purging of the 
reservoir water through the bottom 
sluices, which scours away much of the 
sand dejwsits. This is an old and 
efficient practice. 

{v) Mechanical dredging or removal of the 
debris. This is expensive but becomes 
more profitable when the deposits can 
be used elsewhere economically. On 
the Damodar basin, for example, there 
is a great detiiand of sand for stowing 
the colliery pits : about 20 million tons 
of sand being re(iuired per year in the 
Jharia coal mine alone. The .sand is 
also used as a building material. 

There is already a large traffic on the 
Damodar for sand required for building 
purposes at Calcutta and neighbourhood. 
This already amount to several million 
Ions ; but if navigation by barges can 
be developed in the Damodar and the 
I?arakar, the traffic in sand can be very 
' exten.sively developed as in the Ohio 

river below Pittsburgh (U.S.A.). 

“Silting and Sand” have proved ‘nightmares* to 
irrigation engineers, but we are fortunate to live at 
a time when the large .scale experience of thousands 
of dams constructed in the U.S.A. since 1915 are at 
our disposal. If we take advantage of this experience, 
it will be possible *0 construct reservoir dams which 
will give service for hundreds of years. 


Uss OP THB POWBR 

We have indicated above how about 850 million 
kwh of the electrical energy may be obtained in a 
year on the Damodar and Barakar systems. People 
have often asked ‘‘Supposing that the power is 
developed, what can you do with it?** This is like 
asking the question “What will you do with a gold 
mine if you can discover it?** 

India has so far developed only 9 units of 
electrical energy per capita per year, while the figure 
in the U.S.A. is nearly 1500 units. Even a country 
like Mexico which people regard as a backward 
country, has develoi)ed 180 units per head. This 
shows the extreme backwardness of India in power- 
development and this backwardness is the root cause 
of India’s poverty. It can be confidently assumed 
that if sufficient power is developed, use can always 
be found for it, and the power will increase the pros- 
fwity of the country in the ratio in which it is 
developed. 

As far as Damodar Valley is concerned wc can 
at once indicate immediate use for the power : 

At the Coal Mines,— The Jharia coal mines and 
cities now use about 15,000 kw., or 60 million units 
a year. This may be obtained from the hydro-electric 
grid system. This will conserve coal which is a very 
necessary but exhaustible national asset, and should 
be reserved for other purpose. 

Aluminium, — Chota-Nagpur and other districts 
of Bihar has the richest deposits of Bauxite. Ahiiiii- 
niuni can be extracted from this ore if .sufficient 
electrical power is available. The ine-war reciuire- 
inents of India in aluminium was i2,ck.)o tons, and a 
factory capacity of 4000 tons of aluminium yield per 
year is an economic proposition. One pound of the 
metal requires 13 units if electricity for its extraction. 
A factory 4000 tons will consume 4000 x 2240 x 13 or 
120 million units of electricity per year. It is very 
probable that the consiimplioii of aluminium will go 
up rapidly after the War and many such factories will 
be needed. Dr Dunn writes, 

“There is no doubt that the bauxite de|xxsit of Ilihar 
will l)e a valuable asset in future. Although infonuatioii as 
to their distribution is well enough, there is no exact know- 
ledge of the actual reserves available. However, the luinj- 
tiiuiii reservc.s calculated in some of the loi’alities are .suDi- 
cieiit to warrant the establishment of industries to utilise 
this bauxite, and it can be safely left to the companies 
concerned to determine their own reserves, l^urther pnis- 
pecling ill these .western plateau will undoubtedly bring t<» 
light new deposits of bauxite. It is doubtful whether pros- 
ection of laterrite in other parts of Bihar will result in 
nding bauxite deposits elsewhere, but it is certain that 
high alumina laterites would be found which could be used 
for certain purposes. The actual development within ^lu^ 
province of industries based on these bauxites should be 
encouraged. All the facilities of coal supply and cheap 
power are available.*" (p. W). 
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Calcium Carbide. — India needs at present xooo 
tons of calcium carbide. Each pound of the gas 
carbide requires 8 units of electrical energy for its 
manufacture. The quantity at present is imported 
from U.S.A.i Australia and South Africa. The use 
of the carbide is increasing with the industrialisation 
of India. A 500 ton factory will consume 500 x 
2240x8 or about 9 million units of electricity. 

Calcium Nitrate . — Anhydrous Calcium Nitrate is 
a fertilizer which is extremely good on acid soils like 
laterites. The raw materials required for the manu- 
facture of the nitrate fertilizer are lime and atmos- 
pheric nitrogen which arc synthesised with the aid 
of electricity. There is practically no limit to the 
demand for the fertiliser. A 35iOOo ton plant will 
require an installed power of 12,000 kw or nearly 90 
millioq kwh. units of total energy in a year, and 
India’s need of nitrate of lime fertilisers is so 
enormous that even a dozen such factories will not 
be found too large. 

Synthetic Ammonia . — ^The root cause of famine 
and permanent malnutrition in India is the low pro- 
ductivity of Indian soil. This appears to be due to 
depletion of Nitrogen and Phosphorus from the soil 
of India on account of Ihou.sands of years of conti- 
nuous cultivation without any counterbalacing 
operation. This subject has been dealt with in an 
editorial article in Scirnc« and Culture, June 1944, 
and a subsequent article on **Necd and Possibilities 
for the Production of Synthetic Fertilisers” in the 
same number. 

According to these articles, India needs two to 
eight million tons of nitrogen annually if her soil is 
to be raised to the same standard of productivity in 
I»addy and wheat as Spain *or Italy. Now, one 
kilogram of synthetic ammonia requires for its manu- 
facture, according to the latest modification of the 
Haber Bosch process, 3 6 units (kwh.) of electricity, 
and two million tons will need 7200 million units, 
which is double the present output of electrical 
energy in the whole of India. 

A factory producing 24,000 tons of synthetic 
ammonia may in the first instance be installed in the 
Damodar Valley, and this will consume nearly 90 
iiiillion units of electricity. After its usefulnc.ss has 
been tested, more factories may be multiplied. 

Smelting of Iron . — The coking coal needed for 
the smelting of iron in India is limited, and according 
to experts, the coal will be all exhausted at the 
present rate of consumption within 30 years, if no 
fresh source of coking coal is discovered. India will 
have to fall back upon electricity for smelting of iron, 
for the production of steel as in Sweden, or San 


Paulo, Brazil. One ton of iron requires 300—400 units 
of' electricity and if in future, a programme for the 
production of ten million tons be decided, this will 
require 3000 to 4000 million units of electricity. 
Electrical energy is also ideal for the production of 
alloy steel of all kinds, and there is an immense 
scope in India for such production. 

We have thus indicated that we can not oply 
usefully employ all the electricity which can be pro- 
duced in the Damodar Valley (1200 million units), 
but the reader will perceive that this amount is a 
drop 'in the ocean compared to the needs of India. 
Further, coal is an exhaustible asset and should be 
kept reserved for such purposes for which there is 
no substitute for it {e.g., preparation of synthetic 
materials etc.) 

Though Indian reserves of coal are rather 
limited, and quite insufficient for the needs of a 
country like India, she has got enormous and in- 
exhaustible reserves of i)Ower in her rivers. Many 
of these can be harnessed for the development of 
hydro-electric power, as we have sketched out for 
the Damodar, and we understand plans are on 
foot for the development of similar projects in the 
Rihand Valley (a tributary of the Son River in the 
Rewa State, and the Mirzapur district of U.P.), in 
the Sutlcg Valley, and in Mysore or the Koyna 
Valley in the southern part of Bombay Presidency. 
Scores of river valleys in India remain still to be 
surveyed from the point of view of all development, 
and plans have to be prepared. 
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SIR DAVID PRAIN, F.R.S., (1857-1944) 


QURGEON-MAJOR, afterwards Lieutenant-Colonel, 
^ Sir David Prain, C.M.G., C.I.E., M.A., M.B.. 

D.Sc., LL.D., F.R.S., F.R.S.E., F.L.S., 
was bom on the iith July, 1857. Sir David took 
his M.A. degree in 1878, M.B.C.H. (Hons.) in 1883, 
and F.R.C.S. (Edin.) in the same year and became 
the demonstrator in anatomy at the Edinburgh 
University. He then joined the Indian Medical 
Service in 1884 and officiated for L. J. K. Bmce as 
Curator of the Herbarium, Royal Botanic Garden, 
Sibpur, during 1885-86 and subsequently succeeded 
Bruce as a permanent Curator of the Herbarium in 
1886, but his military service prevented him from 
joining this appointment for al^ut 8 months. He 
took over charge of the post of the Curator of the 
Herbarium on the 24th January, 1887. He officiated 
as Superintendent of the Royal Botanic Garden, 
Calcutta, during the absence on leave of Sir George 
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Sir David Prain, F.R.S. 

King, M.D., K.C.I.E., F.R.S. in 1887. • He again 
officiated as Superintendent, Royal Botanic Garden, 
Calcutta in 18^ and became Surgeon in October, 
1889. 

During 1889-91 he undertook har^ardous botani- 
cal expeditions in some of the botanically unknown 
islands of the Indian Ocean and during his voyage 
he visited Port Blair in the Andaman Islands, 
Diamond Island, the Great Cocos and Table Islands 
in the Bay of Bengal. He voyaged also in H.M.S. 
Investigator and made botanical exploration in the 
Great Cocos Island, Little Cocos, the Rutland 
Islands, Narcondam, Barren Island, Little Andaman, 
Cftr Nicobar, Batti-malo and other coral islands. In 


November, 1891, he explored the Pareshnath Hills 
in Chota Nagpur and in the spring of 1892 he 
studied the flora of the Khasia and Jaintia Hills in 
connection with his botanical survey^ of Assam end 
Burma. 

He acted again as Superintendent of the Royal 
Botanic Garden, Calcutta from Z5th of July to Octo- 
ber, 1892 and again for a period of 7 .months from 
1892 to 1893. At this time for a peri<^ of 3 months 
from 1893-94, he was engaged in an enquiry on the 
cultivation and use of Ganja — Cannavis sativa. On 
the ist of July in 1895, Sir David Prain was appoint- 
ed Professor of Botany in the Medical College, 
Calcutta in the place of Sir George King and rose to 
the rank of Surgeon-Major in 1896 and was the 
foundation lecturer from 1895-96 of the Agricultural 
Class which was opened at the Bengal Engineering 
College in 1895. He succeeded in 1897 Sir George 
King as the permanent Superintendent of the Royal 
Botanic Garden, Calcutta, who retired after render- 
ing 26 years of devoted and meritorious service. 
Soon after his appointment as Superintendent of the 
Royal Botanic Garden, Calcutta, in which post he 
was confirmed on the ist March, 1898, he under- 
took investigation on the cultivation of mustard and 
wheat and was lucky to discover the host of the 
wheat rust. He continued his researches on econo- 
mic plants as well and carried on investigations on 
the pulses and other leguminous crops by experi- 
mental cultivation in the economic section of the 
Royal Botanic Garden*, at Sibpur. 

In 1898, Sir David assumed charges of the posts 
of the Director, Botanical Survey of India and the 
Superintendent, Cinchona Cultivation, Bengal. He 
was also appointed a Trustee of the Indian Museum 
and elected a Fellow of the Calcutta University. He 
was awarded the degree of LL.D. of the Aberdeen 
University in 1900. Sir David was a member of the 
Council of the Asiatic Society of Bengal in 1897 and 
Vice-President with the late Sir Ashutosh Mukherjee 
and Sir Thomas Holland in 1904. 

Sir David served in the Lhasa Mission and thus 
got an opportunity of studying the vegetation of the 
Tibetan frontier during September-October, Z9031 and 
brought back a large collections of valuable speci- 
mens. On his return he paid special attention to 
the improvement of the Royal Botanic Garden, 
Calcutta, Lloyd Botanic Garden, Darjeeling and the 
Calcutta Gardens under his charge. Much of the 
present expansion and improvement of the cultiva- 
tion of the cinchona plants at Mungpoo is due to 
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Sir David’s care and attention to this section of his 
work. 

After the expiry of his leave on the 15th Decem- 
ber, 1905, he was appointed Director of the Royal 
Botanic Garden, in place of Sir William Thiselton 
Dyer, another botanist of world-wide fame. 

Sir David served as the President of the Botanical 
Section of the British Association which met at Winni- 
peg, as President of the Linnean Society from 1916- 
1919 and as Vice-President and Treasurer of the 
Royal Society of I/)ndon from 1919-1929. He was 
elected as Honorary Foundation Fellow of the Royal 
Asiatic Society in 1920. Sir David was a active member 
of numerous Boards and Committees of biological 
associations and many other scientific bodies where his 
well-balanced judgment and mature experience made 
him welcome. He was appointed a member of Tro- 
pical Agricultural College Committee hy Lord Milner 
in 1919 and had been the Vice-Chairman of the 
Imperial College of Agriculture from its foundation 
in 1921 until 1937. 

He was appointed a corresponding member of 
tlie Botanical S^iety of America in 1934 and 1936 
and President for life of the Imperial College of 
Tropical Agriculture in 1938. Sir David became the 
Chairman of the Plant and Animal Products Council 
of the Imperial Institute, London in 1936. He sat 
on the International Committee of Plant Nomencla- 
ture that met in 1930 and 1935 at Cambridge and 
Amsterdam respectively. 

Sir David was elected Fellow the Royal Society of 
London in 1905. He was recipient of C.I.E. in 1906. 
He received the degree of LL.D. of St. Andrew’s 


University in 1911 ; C.M.G. was conferred upon him 
on the ist January, 1912 and was knighted on the 
t4th July, 1912. He was awarded Barcley Memorial 
Medal in 1909, the Albert Medal of the Royal Society 
of Arts for 1925 for the application of Botany to the 
development of the raw materials of the Empire; the 
Linnean Gold Medal in 1936 and the Paul Johamer 
Bruhl Memorial Medal in 1938 and the Barcley Medal 
again in 1941. 

Sir David Prain gained world-wide fame as one 
of the most active and brilliant botanists by his valu- 
able botanical publications and his scientific investi- 
gations which were of considerable value to the 
State. The total number of his contributions from 
1889 to 1944 published in the Annals of the Royal 
Botanic Garden, Calcutta and many other journals 
and periodicals in India and abroad comes to about, 
as far as can be traced, 105 of which about 40 papers 
were published in the journals and proceedings of 
the Royal Asiatic Society of Bengal. Sir David 
Prain even before his death was still actively engag- 
ed in botanical work and was able to finish his monu- 
mental monograph on Dioscoreas in collaboration 
with Mr I. H. Burkill, M.A., FIL.S., formerly an 
officer of the Botanical Survey of India. This work 
entitled “An Account of the Genus Dioscorea in the 
East’* has just been published in the Annals of the 
Royal Botanic Garden, Calcutta, Parts I and II, 
Volume XIV. 

The death of Sir David is an irreplaceable loss 
to the botanical science. 

X. Biswas, 
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OBITUARY 

JAMES McKEEN CATTELL 

Tiik death of James McKeen Cattell on January 
20, 1944, has deprived America of one of the great 
organizers of American science and scientists. He 
occupied a unique position among American men of 
science and there were few who exerted so profound 
an influence on American scholarship for a period of 
about half a century. 

J. McKeen Cattell graduated in 1880. He was 
a student of psychology in which he was deeply 
interested in the early part of his career. For ten 
years from 1885 to 1895, he was engaged in research 
on experimental psychology and published a number 
of papers which immedisitely attracted attention. 
Particular mention may be made of his paper on 
''Mental Tests and Measurements” (1890) and of the 
systematic collection of measurements of individuals 
which won early recognition in the form of a pro- 
fessorship in the University of Pennsylvania at the 
age of 28. Soon at the age of 31 he became head, 
of the department of psychology at Columbia Univer- 
sity. At 35 he was President of the American Psy- 
chological Association. 

Although a successful professor of psychology, 
Cattell’s fame was made as editor and publisher 
of scientific journals and organizer of American 
science in general. He was one of the first American 
scientists to realize the great, power of the press, 
which he successfully demonstrated throughout his 
life. In 1894, he acquired the weekly journal 
Science which, under his ownership and editorial 
management, came to play an important role in the 
organization of science in America. In the same year 
he founded, jointly with J. Mark Baldwin, the Psy- 
chological Review. His success with Science led him 
to take over in igoo the ownership and editorial 
supervision of the Popular Science Monthly founded 
by E. L. Youmans in 1872. Later in 1915, he 
cWged its title to The Scientific Monthly. In 1907, 
he assumed control of The American Naturalist and 
in 1905' founded the weekly journal School and 
Society. The latter was one of the leading journals 
of education, which was afterwards sold to the appro- 
priate body, the Society for the Advancement of 
Education. He was also a founder of the Archives 
of Psychology and the Journal of Philosophy, Psycho- 
logy and Scientific Methods. He was a trustee of 
Science Service from its foundation until his death 
and was president of its 'board of trustees from 1928 


to 1937. ''American Men of Science” published in 
1906 under his editorship and general directions and 
followed so far by six editions constitutes his lasting 
contribution towards the advancement of science in 
America. 

Cattell was made president of the International 
Congress of Psychology held in America in 1929. In 
1921, he founded the Psychological Corporation, a 
unique organization, to promote applied psychology. 
He was its president for many years and later the 
chairman of its board of directors. 


THE PERSECUTION OF SCENTISTS IN ARGENTINA 

Thk recent persecution of Argentine scientists, 
teachers and professional men for having partici- 
pated in issuing a 'declaration for effective demo- 
cracy and American solidarity’ has elicited wide- 
spread resentment and protest. The declaration was 
jointly made by one hundred and fifty distinguished 
citizens of Argentina to give expression to their 
strong feeling that democracy and human freedom 
are indispensable for the welfare of mankind and for 
the progress of science. Among the signatories were 
some eminent scientists, such as Professors Houssay, 
Castex, Romano and others. Bernard A. Houssay, 
Latin America’s greatest scientist, is a professor of 
physiology at the University of Buenos Aires and 
was awarded the Nobel Prize. 

The President of Argentina has found the de- 
claration libellous, alti.ough it 'simply approves the 
principles of democracy and calls for the co-opera- 
tion of free men in its preservation’, and has issued 
order by which the signatories have been censored 
and dismissed from their posts in the universities 
and publl': services. Medical men have been for- 
bidden to practice. Professors Houssay, Castex and 
Romano are reported to have taken refuge in Uru- 
guay, on the other side of the La Plata estuary. 

Protest against such anti-democratic decree on 
the part of the Government of Argentina has been 
made by a number of^stinguished scientific organi- 
zations of the Unitedl^tates of America, including 
the American Association of Scientific Workers. In 
a letter recently addressed to Cordell Hull, Secre- 
tary of State, the American Association of ^entific 
Workers has voiced its protest through the follow- 
ing lines: 

*'The American ^Association of Scientific Workers 
that the existence of sndi an anti-democratic policy in one 
of the great conntries of the Western hemisidiere is a 
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menace to the welfare of all the peoples in this hemis- 
phere. Recent events confirm our view. Our Association 
further asserts that the failure of the democratic nations 
of this hemisphere to condemn officially land to exert pres- 
sure to rectiQr this action of the Argentine Government 
would be a serious error, first because great injustice has 
been done, and second because the cause of democratic 
nations b weakened by ignoring the suppression of liberty 
and democracy. 

Therefore, the American Assocbtion of Scientific 
Workers respectfully but urgently suggests that the Gov- 
ernment of the United States of America, in concert with 
other nations of this hemisphere, take whatever actions 
may be most effective to the end that the Government of 
Argentina rescind its undemocratic decrees." 


ELECTRICITY SUPPLY INDUSTRY IN GREAT BRITAIN 

The Incorporated Association of Electric Power 
Companies has recently issued a memorandum with 
regard to the Electricity Supply Industry in Great 
Hritain. The memorandum refers to the progress 
of| and development and legislation in, the supply 
of industry, to the Electrity Commission, and to the 
work and recommendations of the McGowan, Cooper 
and Scott Committees, and further contains proposals 
of reform and improvement with regard to the elec- 
tricity distribution and the Electricity Commission. 
The following account of the essential features of 
the proposals is based on a summary report of the 
memorandum, published in Nature, March 25, 1944- 

The memorandum recommends the suspension, 
through legislation before the war, of the exercise 
of the rights of purchase by local authorities and 
others of any electricity undertaking without, how- 
ever, preventing the completion of negotiations for 
the voluntary acquisition or amalgamation of such 
undertakings. The proposed legislation should pres- 
cribe the basis of the purchase price to be paid fol 
acquisition of any undertaking. Tariff forms through- 
out Great Britain should be standardized and 
uniformity of diarges for the whole country secured 
as far as it is economically feasible. Legislation 
should provide in the case of retained undertakers 
for the application of an effective sliding scale relat- 
ing prices to costs and charges, including a reasonable 
return on capital. 

Electricity Commissioners should delimit suitable 
electricity dbtricts and appoint a scheme committee 
for each district to prepare and submit to the Com- 
missioners a draft scheme for the improvement of 
dbtribution in the dbtrict. The scheme committee 
should consist of representatives of the authorized 
undertakers m each electricity district. Further the 
Electricity Commissioners should be empowered to 
niake schemes which the Minister of Fuel and Power 
will have the power to confirm. Any scheme thus 
confirmed tdiould, however, be subject to the appro- 
val of the Parliament 


All retained undertakers should be obliged to 
submit periodically to the Electricity Commissioners 
proposals for the development of the supply of 
electricity for general domestic purposes, including 
lighting in any part of their area where there is a 
demand for such a supply and a prospect of a rea- 
sonable return from such supply. The Electricity 
Commissioners should appoint in each area a local 
committee representative of local authorities and 
consumers to consult with the retained undertakers 
on matters affecting development of supplies and 
prices. 

It is considered that the present system of valua- 
tion and rating, which has recently excited adverse 
criticism, should be reviewed. The Association 
further advocates that the proposed legislation should 
include various provisions recommended by the 
McGowan Committee on matters such as the proce- 
dure for obtaining wayleaves, fixing wayleave rent- 
als and compensation, public supply of electricity by 
unauthorized undertakers, and the consolidation of 
the numerous Electricity Acts into one up-to-date 
enactment. 

The memorandum further recommends the 
establishment of Electricity Commission whose neces- 
sity has become acute in recent years. The Commis- 
sion should consist of five Commissioners to be 
drawn from among men of long and wide experience 
in the industry. The Commissioners should be 
enabled to appoint an experienced and well-paid 
staff. The Minister should have the widest choice 
in appointing suitable men to the Commission. The 
members of the Commission should not be governed 
by civil service conditions and rates of pay. An 
advisory committee should be appointed by the 
Minister of Fuel and Power to assist the Electricity 
Commissioners on matters relating to the delimitation 
of electricity districts and other proposals. 


REPORT OF THE INSTITUTION OF ELECTRICAL 
ENGINEERS 

Almost simultaneously with the memorandum 
issued by the Incorporated Association of Electric 
Power Companies has been published another report 
prepared by the Post-War Planning Committee for 
the Council of the Institution of Electrical Engineers. 
This report has also come forward with a series of 
important proposals and recommendations concerning 
the technical aspects of the problems of electricity 
supply, distribution and installation in Great Britain 
{Nature, March 25, 1944). 

The four-wire, three-phase, 406/230 volt system 
being the national standard for low-voltage distribu- 
tion, its extension throughout Great Britain has been 
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suggested as an urgent post-war national industrial 
plan. The report contains relevant data to show 
clearly that the problem of complete standardization 
of low-voltage distribution systems does not present 
any technical difficulties and assures that this stan- 
dardization, if undertaken, can be completed within 
five years. Detailed estimate of the cost, drawn up 
on the basis of 1939 conditions and price levels, indi- 
cates that about ;Ci7'5 millions will be required for 
the purpose. 

The report reveals that in 1939, 7*9 million urban 
dwellings out of 10*7 million, i‘i million rural 
dwellings out of 2*25 million and at least 35,000 
farms were supplied with electricity. The report re- 
commends that rural electrification should be com- 
pleted and that financial aid should be provided. 
Agreement by undertakings on a standard length 
of underground service cable laid free is recom- 
mended. A free overhead service line to a total 
cost not exceeding that of installing the agreed 
length of underground service cable is suggested. 
Simplified and less expensive constructions for high- 
voltage spur lines are proposed, and agreed standards 
are recommended. It is to be noted that, unless 
the consumer is prepared to contribute to the first 
cost or a subsidy is available, revenue must be ade- 
quate enough to justify expenditure on such over- 
head lines. 

The report has made some proposals regarding 
the establishment of uniformity of tariff forms. 
Consumers are classified into groups, such as domes- 
tic, farm, industrial and commercial, and recommen- 
dations are made for the equitable assessment of the 
fixed or primary charge component of the tariffs 
appropriate to each group. It is suggested that the 
Electricity Commissioners should be authorized to 
permit any undertaking to offer a two-part tariff only, 
with no alternative flat rate subject to cerain safe- 
guards to the consumer. 

The report proposes basic changes in the Regu- 
lations for the Electrical Equipment of Buildings. 
Although the need for compulsory registration of 
contractors and operatives or for the exactment of 
compulsory wiring regulations is not at present impe- 
rative, extension of inspection of installations by 
supply undertakings, more general observance of 
wiring regulations, wider use of the voluntary sys- 
tem of registration of installation contractors, insis- 
tence on the use of non-kinkable cords for portable 
apparatus and the manufacture of accessories and 
apparatus according to more recent British Standard 
specifications appear highly desirable. 

The memorandum and the report indicate that 
supply and distribution of electricity have not yet 
hem completely nationalized in Great Britain. The 
foregoiitg proposals have been made with a view to 


introducing more thorough and effective state con- 
trol of electricity supply and distribution. Much as 
we appreciate such attempts on the part of distin- 
guished British associations to set their own house in 
order, we cannot help referring to the hop^ess 
situation in which India now finds herself with re- 
gard to electricity supply. Electric companies in 
India enjoy the privilege of almost unrestricted mono- 
poly and have never cared for consumer’s interest 
which is a superfluous talk in this country. On 
several occasions the Government ^was urged upon to 
introduce effective State control over the production, 
supply and distribution of electricity, but each time 
such proposals have been whittled down in favour 
of the vested interest. The ill-conceived electricity 
legislations still remain a permanent stumbling block 
to the natural growth of power and electricity in- 
dustry in India. In the matter of power consump- 
tion India is still as backward a country as Aby^inia 
or China, despite her abundant power resources in 
the form of coal and running water. The rate 
charged per unit of electricity is unusually high, 
being 3*75 annas (in Allahabad) against i'25d. in 
England for domestic use. The extent of profiteer- 
ing is adequately reflected from the amount of divi- 
dend the companies declare, which is sometimes as 
high as 13 per cent. All these are largely due to 
the unnational policy of the Government and, we are 
convinced, the evils of monopoly cannot be satis- 
factorily combated until power production and supply 
are nationalized. 


CENTRAL GLASS INSTITUTE 

Sir S. S. Bhatnagar, Director of Scientific and 
Industrial Research, has announced, at a luncheon 
given by Mr D. N. President, Bengal Glass 
Manufacturers* Association in Calcutta, the decision 
of the Central Glass and Silicate Research Institute 
Committee to recommend that the Central Glass and 
Silicate Research Institute should be located at 
Calcutta. We learn with satisfaction that the Gov- 
ernment 6f India has sanctioned a sum of Rs. 4,00,000 
for the establishment of the Institute. Further, Sir 
U. N. Brahmachari, Mr I. D. Varshney, of the 
Central Glass and Silicate Research Institute Com- 
mittee, and the Bengal Glass Manufacturers* Asso- 
ciation have promised to donate & sum of Rs. zo,ooo 
each towards the setting, up of the Institute. 

THE NATIONAL RESEARCH COUNCIL OP CANADA 

Considerablb attention has recently been focuss- 
ed on Canada for her reniarkable contribution to the 
United Nation’s war effort and her enviable record 
of acoomplidiment in the applicatioii of sdenoe to 
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war needs. The credit for this uniquely goes to 
the National Research Council of Canada, which is 
acting as the central co-ordinating body directing 
scientific research in the Dominion. A brief account 
of the way in which the Council has planned, co- 
ordinated and conducted scientific research in 
Canada on problems having a direct bearing on the 
prosecution of the war has appeared in a recent issue 
of Science (February 4, 1944), to which the atten- 
tion of our readers may be drawn. 

The work of the Council is generally planned 
along two main lines, (i) the conduct of fundamental 
and applied research, including essential test work 
in the National Research I^aboratories, Ottawa, and 
(2) the promotion, co-ordination and support of re- 
search in other centres throughout the Dominion by 
grants-in-aid, award of scholarships and the direction 
of research investigations under the guidance of 
committees of specialists appointed by the Council. 
All investigations, either in its own laboratories or 
in the laboratories of the universities and industry, 
are at present directed to the solution of urgent war 
problems. In fact, the Council is now the official 
research station of the Army, Navy and Air Force. 
Scientific problems referred to the Council in con- 
nection with the activities of the Armed Forces are 
studied jointly by officers from Defense Hcad- 
Jiuarters and civilian personnel on the Council staff. 

There are now some forty committees in active 
operation under the auspices of the Council, through 
which much of the Council’s work is carried on. 
The Committees on medical research deserve special 
attention because of their important contributions to 
the health and well-being of both civilians and mem- 
bers of the fighting services. The Associate Com- 
initec on Medical Research co-ordinates medical re- 
search in Canadian institutions and assists in its 
development. Three Service Committees, e.g.. 
Aviation Medical Research, Naval Medical Research 
and Army Medical Research, have been brought into 
existence. Mention may also be made of another 
important comiqittee which is responsible for the 
direction and co-ordination of research in Canadian 
universities on sixty projects dealing with problems 
on the production of explosives now in use, and the 
development of new explosives. 

The National Research Council of Canada fur- 
ther maintains an effective liaison with the scientific 
organizations in Great Britain, the United States arid 
other Dominions through the exchange of publica- 
tions and the interchange of research workers. 

the royal observatory at GREENWICH 

Need has been felt of . late for the removal of 
the Royal Observatory, Greenwich, to a safer and 


better place where useful work may be carried on 
under more advantageous conditions. The removal 
of the Observatory from its present site has been 
under consideration for the last few years and has 
now become urgent owing to the damage it has sus- 
tained through aerial bombing. The reasons for its 
removal have recently been discussed in The Times, 
London, by its naval correspondent. 

The Royal observatory was established in 1675 
and located at Greenwich, a country village well 
clear of London smoke. For over a period of two 
and a half centuries it has been responsible for 
advancement of the science of navigation and nauti- 
cal astronomy. The meridian passing through its 
transit instrument has provided the standard of 
reference in the measurement of longitudes. But 
Greenwich is no longer situated in a sequestered 
rural comer suitable for astronomical observations. 
London has to-day engulfed it and smoke from the 
chimneys of the newly constructed power stations and 
the vibration of its reciprocating engines have in- 
creasingly come to interfere with its work. The 
great development of electrical machinery already 
proved a serious obstacle to accurate magnetic obser- 
vations, and as such the magnetic observatory was 
removed some years ago to a country site in Surrey. 
Such disturbances to-day seriously interfere with the 
work of the observatory in general. It is strongly 
felt that unless the observatory is removed to a 
suitable site, it will be destined to deteriorate into a 
second rate institution and will fail to play the signi- 
ficant part it did for so long a period. It may be 
noted that the need for the change of site was 
stressed by the Astronomer Royal, Dr H. Spencer 
Jones in 1939 when he submitted his annual report 
for the year ending April 30. [Vide Science and 
Culture, Vol. 5, No. 2.] 


THE ROCKEFELLER GRANT TO THE NATIONAL 
INSTITUTE OF SCIENCES, INDIA 1 

Indian scientists will cordially wekome the 
Rockefeller Grant of Rs. 16,000/- annually to the 
National Institute of Sciences, India, for financial 
assistance in scientific publications by the different 
scientific societies of India. International science 
owes a great debt to this philanthropic organization 
for financial assistance in matters of maintenance of 
research institutes and for grants to scientific 
societies, an acount of which will be found in 
Science and Culture (Vol. VIT, No. i and Vol. VIII, 
No. 5). But so far, except in medical matters, 
Indian science has not received any attention from 
the Rockefeller Foundation. The present grant 
which we can trace to the influence of Prof. A. V. 
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Hill indicates that the foundation has been persuaded 
to include India within her sphere of operations. 

The Royal Society of London receives a grant of 
>C8,ooo/- from the British Treasury for assistance in 
scientific publications and distributes this grant 
through its committees to the different scientific 
societies of England. In India, we have now na< 
tional societies in almost every scientific subject, e.g.. 
Geology (igo6). Mathematics (1907), Botany. (1921), 
Chemistry (1924), Physics (1934), Soil Science (1934) 
and Physiology. Some of these have nation-wide 
membership and scope ; others have as yet only a 
small membership and influence. But all these so- 
cieties suffer from paucity of funds and often fail 
to undertake useful scientific publications for shear 
lack of money. Regularity in the publication of 
periodicals devoted to original articles and iiapers has 
often become difficult. Clearly, the scientific socie- 
ties in India arc badly in need of financial assi.stance 
and more liberal grants. By making this grant the 


VoL X, No. 1 

Rockefeller Foundation has earned the gratitude of 
the scientists of India. 

A NEW PUNJAB OIL HELD 

A cable from London to Mr D. N. Wadia from 
Mr E. S. Pinfold, Chief Geologist of the Attock. Oil 
Co., announces the successful results of the boring 
tests proving the existence of natural oil (petroleum) 
at Joya-Mair village, near Chakwal, in North-West 
Punjab. This area was geologically surveyed in 
course of his Potwar Survey by Mr Wadia who dis- 
covered this favourable oil-storage structure at Joya- 
Mair and reported it to the Government in 1926, 
suggesting this area as a possible oil-field in a paper 
published in the Records of the Geological Survey of 
India in 1929. For fourteen years this discovery 
remained untested by actual drilling trails. 

AN ERRATUM 

In line 22 of the left column on page 550 of the 
June, 1944 0*86 acre for 6*86 acre. 
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GAS TURBINES 

Tiir recent progress in the design of gas tur- 
bines has generated the sincere hope that gas turbines 
are destined to revolutionize power generation in 
near future. Their great operational simplicity 
already bears a promi.se that they will eventually 
outdo other forms of engines now in use. 

At present the reciprocating steam engine, the 
Diesel and the gasoline engine arc geocrally used 
for all purposes of power generation. Each of these 
three different types of engines has its own special 
advantage^ and limitations and has accordingly 
found application in different fields. The reciprocat- 
ing steam engine is the most inefficient of all these 
machines, having an efficiency of only 8 to la per 
cent. It also involves a complex and bulky arrange- 
ment inasmuch as it requires an auxiliary steam- 
generator plant. For these reasons steam turbines 
have so far been exclusively used for the production 
of large units of power such as are required in ships 
and central-station electric generators. The Diesel 
and the gasoline engines are, however, more efficient, 
so far as power output is concerned, but involve 
great mechanical complexity. The Diesel engines 
have an efficiency of about 20 to 25 per cent, while 


gasoline engines command an efficiency of about 35 
per cent. But this advantage in higher efficiency 
has almost been negatived by the higher cost of fuels 
and by the extremely complicated designs of the 
engines. The Diesel has been found suitable for 
heavier transportation equipment and stationary 
power generators, but the gasoline engine burning 
the most expensive loo-octane fuel has so far been 
applied to drive only light automobiles and aircraft 
where the saving of weight in engine and fuel is 
imperative. 

The principle of gas turbine was, however, 
known for several years, but its application was de- 
layed by the absence of a suitable metal or an alloy 
capable of withstanding high temperatures. The 
development of gas turbines followed the successful 
manufacture of alloy steels and other temperature- 
resistant metals. 

/The gas turbine' is a special type of enclosed 
multiple wind-mill operated at high speed by hot 
wind. The hot wind may be directly produced by 
burning a fuel in a stream of air or may be available 
as a bye-product, such asithe aircraft engine exhaust 
gases to run turbo-superchargers which compress 
thin, high-altitude air for aircraft engine. Aa a bye- 
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product, the wind may also be obtained in the re- 
covery of power from the burniiiR of deposited carbon 
from catalysts used in gasoline production Though 
considerable progress has been made in the design 
of turbines driven by hot wind obtained as a bye- 
product from the above sources, further researches 
are necessary before such turbines can be used as a 
])rimary power generator. Design of turbines driven 
by hot wind and directly produced by burning a fuel 
lias, however, been .successfully developed. 

Ill point of eflTicicncy the gas turbine, it ai^pears, 
\#ill remain inferior to gasoline engine. Ihit its other 
:idvantages far outweigh its comparatively low effi- 
ciency. The gas turbine presents a far siinplcij 
mechanisiii ; it eliminates the steam turbine’s steam 
generating and condensing .system and the gasoline 
engine’s cooling system. Furlhcrmore, the problem 
of lubricating hot, sliding surfaces docs not ari.se in 
such turbines. According to a report in Scientific 
Imrricaii, March ip44, a Swiss oil-burning gas tur- 
bine locomotive conslnicicd before the war coin- 
niaiided an over-all elficiency of 15 — 18 per cent. 
This is a satisfactory percentage compared with S 
to 12 per cent for a .steam locomotive and about 28 
per cent for a good stationary steam turbine. Fiir- 
lliermorc, as is well-known, the efficiency of gas 
turhine is proportional to the oi>erating temperature, 
and as such it increases with the temperature. Thus 
the turbine which indicates an efficiency of 18 per 
cent at looo^P' will have an efficiency of 23 per cent 
at i2oo®K. The operating temperature cannot, how- 
ever, be increased indefinitely and the limit is soon 
leached. TJie use of new, non-niacliineablc and 
iion-fcrroiis metals for the construction of rotor 
Idadcs has made possible the operation of the tur- 
bines at a temperature of isoo^F and higher with 
the consequent increase in efficiency. 

Oas turbines have so far been successfully 
applied to large power installations. In fact, the 
technical difficulties in the construclioii of large gas 
turbines have been overcome ; but the iiiaiuifacUirc 
of small gas turbines suitable for automobile and 
aircraft is .still fronght with several difficulties. 
Investigations in this, direction are, however, on 
the way and would have been completed but for the 
war. Recently a committee on gas-turbine-powered 
locomotives, in its report to the American Society of 
Mechanical Engineers {Science, January 21, 1944) » 
indicated the possibility of constnictiiig a high- 
powered locomotive in one unit with the prime mover 
and all accessories in one cab. It appears that 
this type of power will be used in 'countries 
^‘ttjoying a reasonable supply of fuel oil. Coun- 
tries rich in coal but deficient in fuel oils need 
not be disheartened, as more economic production of 
fuel oil from coal in future holds out a fair chance 
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of gas turbine locomotives being also used in those 
countries. 


ALUMINIUM FROM CLAY 

Economic production of ahiminium from sources 
other than bauxite has recently occupied the atten- 
tion of .scientists. According to a report in Science, 
March 17, 19-14, F. R. Archibald and C. F. Jack.son, 
scientific consultants of the Ancor Corporation, 
speaking at the meeting of the American Institute 
of Alining and ^letallurgical Engineers, expressed 
their opinion that aluininiiiiii may be economically 
extracted from clay. Iligh-alumina clay, liiiiestoiic 
and coal arc three materials retjiiired in large quan- 
tities for this purpo.se. liiich Ion of clay would re- 
quire about two tons of limestone. Further where 
coal is not available, other types of fuel may be 
used. The success of the process has already been 
demonstrated by a v>ffot plant in South Carolina, 
r. S. A., which utilized the Kaolin-lyi>c clay avail- 
able in that State. It is further rcpf»rlcd that a com- 
mercial plant is now iiiiler construction in that 
State. 

Production of nhiniinium from clay is a signi- 
ficant development. Tliere are regions where all the 
raw materials needed for the extraction of aluininiuin 
from clay are available in plenty and in a high degree 
of purity, and henceforward production of alumi- 
nium may profitably be undertaken in those regions. 


COKE FROM PEAT 

The Chemical A^e, in its issue of February 12, 
1044, reported the perfection of a proc'css of making 
coke from peat at the Central Experiiiiciital Sta- 
tion, Moscow. It is claimed that this coke can be u.sed 
to replace coal-coke in iron and steel manufacture 
and that it is also a substitute for charcoal. Refer- 
ring to this report, Fritz Frank, Director of Franks 
Laboratories, Ltd., has now supplied further infor- 
mation about this proce.ss in a letter to the editor 
of The Chemical A$^e, March 4, 1944. 

According to Director Frank, experiments on 
the process of making coke from peat were success- 
fully conducted in Russia exactly sixteen years ago. 
The coke was good and firm enough to be used in 
medium high furnaces for the reduction of iron ore. 
The- iron produced compared favourably with the 
Swedish, charcoal iron in quality. The treatment 
process in which bog-iron ore was washed and fonn- 
ed witji peat was particularly interesting. The peat- 
iron briquettes thus obtained were very firm. They 
also dried very rapidly and stood after coking in the 
tallest furnace available in Russia at that time. 
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OwinR to the war, it is stated, the work could not 
be further pursued ; but good results were reported 
from time to time from Russia. 

The writer further observes that in the metal 
industry peat-coke has proved /superior to charcoal in 
almost every case because it possesses greater density 
and an equally high capability of reaction in aU 
cases of metal /treatment. 

RECENT DEVELOPMENTS IN THE ELECTRON 
MICROSCOPE 

A note on the recent develoinnents in the 
electron microscope, appearing in Physics Nc2vs 
fxiier issued by the U. S. Office of War Informa- 
tion, draws attention to a paper by V. K. Zworykin 
and J. Hillier in The. Physical ‘Revinv, November, 
1943 on this subject. 

During the past year, considerable development 
work has been done on the various optical coiniK)- 
nents of the electron microscope. The effect on the 


specimen illumination of the electron gun focussing 
has been calculated. The results show that for some 
adjustments of the electron gun, the condenser of a 
conventional microscope exerts practically no control 
over the illuminating beam. The resolving power 
of an electron microscope objective has been investi- 
gated thoroughly with and without a physical limit- 
ing aperture. It was found that for heavy specimen 
particles the resolving power was roughly twice as 
good with a limiting aperture as it was without. 
The best resolving ijower obtained ,was 24 A. Tlic 
distortion of the final image caused by the projectiqp 
lens errors has been investigated, and methods for 
greatly reducing this distortion have been found. A 
small magnetic electron microscope has been deve- 
loped. The resolving power obtained at present 
exceeds 50 A. This instrument uses no condenser 
lens, while the objective and projection lenses are in- 
corporated in a single magnetic circuit excited by a 
single regulated current supply. Internal photo- 
graphy is used although, because of the small volniiK*, 
no air locks are necessary. 


INSTANTANEOUS RECORDING 

NIRODE BANNKRJEE, 

RKCORDISr, THK HINDUSTHAN MUSICAI. PKODOCTS IJI)., caixotta 


^HE shellac prints of the standard gramophone 

records, the technique of which has been described 
in a previous article (Vide Sciknck and Culturmi:, 
June, 1943), arc the outcome of a very elaborate and 
expensive process. It is desirable, for certain piir- 
])oscs, to evolve easier methods by which sound re- 
cording can be done in a way such that it may be re- 
produced immediately. The process for such purpose 
should be simple enough to be operated by any lay- 
man, - it must be quick, inexpensive and sufficiently 
accurate in the representation of one’s voice. It 
should also be durable enough to be played back 
a number of times without any loss of the record- 
ing (juality. 

Those who have witnessed the commercial pro- 
cess of recording on wax have marked the fact that 
recordists usually take a few lines of test of the 
voice of the artists before final recording. The test 
cut is reproduced immediately to show how the things 
will be finally recorded. Thus it is seen that the 
soft wax discs may be instantaneously played back 
but it differs in an important matter from instantane- 
ous recording. 7 n the wax, the recorded lines are 


readily damaged, but in the latter a good many play- 
backs can be obtained without any damage to the 
line and loss of recording quality. 

Demand .and Scope of In.stantaneous Recording; 

There havS been an increasing demand for in- 
stantaneous recording for various purposes, as 
noted below; — 

(t) Preservation of voice . — ^Many people have 
the desire to preserve their voice just like their own 
photograph, and would like to hear the voice of their 
dear and near ones who have passed away. With the 
invention of instantaneous recording on discs it has 
now become quite inexpensive to get a copy of one’s 
recorded voice. 

(2) Use in Schools and r/ninersiWesr— Instantane- 
ous recording machines can be easily installed in 
universities and schools and can be profitably utilized 
for education. With this machine we can record down 
pieces of lectures delivered by eminent professors of 
the day, and these may be reproduced later on at any 
time we like, to the great pleawr^ of those wl»t> 
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have missed the lectures directly. Moreover, the 
exchange of lectures is possible between colleges and 
universities to the great encouragement of the 
students. A great demand of instantaneous record- 
ing would be found in Blind Schools as well. 

(3) Use in Music Schools . — Instantaneous Record- 
ing has been utilized now-a-days by many music 
schools in other countries. They are employed both 
for imparting lessons to the pupils and to save the un- 
necessary straining of the teachers by repetition and 
also for demonstrating the defects and merits of the 
students. This is also an excellent aid to train the 
voice for any aspiring musician. 

(4) As a tool of research . — ^Instantaneous record- 
ing is an essential aid to the acoustical researches in 
the laboratory. Any sound under investigation can 
be recorded first, and analyzed later on. It may also 
be employed to record and generate standard sounds 
and notes for comparison. 

(5) Use in broadcasting slalions. — It is well- 
known to the readers that all the broadcasting studios 
have the equipment for instantaneous recording. 
These arc employed cither for recording the music 
of eminent musicians or the lectures of eminent per- 
sons 'or for holding an important broadcasting from 
abroad which can be i^laycd back and rebroadciist 
from the local stations at convenient hours. 

History of Dicvki.o?mknt 

The history of instantaneous recording begins 
wilh lulison’s phonograph which employed wax- 
drum. The voice was recorded on the rotating drum 
l)y the hill-and-dale dentations of the needle attached 
lo Ihc diaphragm at the back of the horn, and re- 
prcHluced by the same needle and horn. But the lines 
v\ould not keep intact for suRicient times just like 
llie flat wax discs on our standard gramophones 
owing to the softness of the material. 

Although instantaneous recording on wax and 
plastics have covered a wide field, attention has been 
considerably drawn in recent times on the develop- 
ment of the process of recording sound on steel tape 
hy the process of magnetization. 

In this type of recording, the steel-tape is the 
recording medium. The principle consists in mague- 
tiziug the tape which runs between the chisel 
shaped pole-pieces of an electro-magnet. This 
electro-magnet is energized by the current which is 
modulated by the pressure of the sound wave 
at the microphone and later on increased or 
amplified by the amplifier. With the vibra- 
tion of the voice at the mike, the strength of the 
dcctro-magnet varies, and the passing steel tape is 
impressed with the corresponding magnetization. 
This may be called instantaneous magnetic record- 


ing. When the steel tape is again drawn between 
the pole-pieces of the electro-magnet in the repro- 
ducing machine, the current in the coil of the electro- 
magnet receives back the variations which work on 
a earpiece or loud speaker. The reproduction was 
poor previously, but by using a film coated with a 
deposit of iron (as devised by A.E.G.) or steel' tapes 
having a large coercive force (as developed by Eorenz 
Company), the quality of reproduction has now been 
greatly improved. The tapes are usually run at a 
speed of a meter per second and a 50 minutes’ record- 
ing is now (luite possible on tapes. The tape may 
be demagnetized and used again for a fresh record- 
ing. Its principal application is in commercial firms 
where a busy entrepreneur may leave his message 
to his secretary which may be reproduced later. 
Some broadcasting stations are also using this type 
of recording machine. 

But modern developments in instantaneous re- 
cording are directed towards the disc type which 
may be electrically recorded and played back 
immediately on ah ordinary gramophone. Pre-grooved 
metal discs were first tried about the year 1926. The 
metal was an alloy of aluminium and zinc. The 
recording (piality was very poor and it was suggest- 
ed to coat the discs with such material as would 
ensure a soft cut like tliat on wax with an added 
advantage of harder lines and grooves. 

Since 1928 great advances have been made in 
instantaneous recording which uses plastics. A large 
varieties of natural as well as synthetic plastics weic 
tried over metal discs as the record base. The plastics 
coated metal discs are no longer pre-grooved, but 
the grooves are cut . in the spiral way by some feed 
mechanism attached with the driving spindle of the 
recording machine. At first gelatine was tried which 
produced more or less satisfactory recording quality. 
But it was rejected as it is soluble in water, dries 
up quickly and cracks after some time. Celluloid 
discs were also tried but were rejected as this mate- 
rial is highly inflammable and flexible. 

Rkcknt Devki.opmknts in Acktatr Discs 

The invention of the coated discs commercially 
known as acetate discs is the outcome of a great deal 
of experiment and research. This consists of an 
aluminium or glass base sprayed with smooth coat- 
ing of cellulose and other high boiling plasticizers. 
These coated discs have the following advantages : — 

(1) They are non-brcakable (when the base is 
aluminium) and non-inflammable. 

(2) They can be played back several times with- 
out making any damage to the recorded grooves. 

(3) They can be cut by steel as well as by saphire 
needles. 
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(4) They can be used for making masters in the 
processing work for producing hard commercial re- 
cords which are usually done through wax discs. 

After the recording is done the discs are swabbed 
w'ith a chemical solution to make the grooves harder. 
The solution consists of 50 parts of a 50 per cent 
solution of acetic acid to which is added 25 parts 
of pure alcohol (absolute) and 25 parts of light 
inachiiie oil. The dope should be applied by means 
of clean soft rag and rubbed well on the surface after 
which the disc should be polished with another clean 
rag. The discs hardened by the dope may be played 
back at least 70 times in an ordinary gramophone 
with steel needles. 


a high-gained amplifier capable of amplifying that 
small current into sufiicient strength as to work the 
recording head. 

The technique of recording is identically equal 
to wax recording except the speed of the turn-table 
which is 33 usually, in place of 78 r.p.m. for 
standard recording. In addition to this, instantane- 
ous recording is done from inside to outside in place 
of from outside to inside of standard wax recording. 

The question of popularizing instantaneous re- 
cording was felt in India few years ago. Production 
of coated disc at a cheaper cost is one of the iiii- 
IK>rtant factors in making this type of recording 



FiC. I. Presto coTn])lete 16" portable recortlinR equipment used the world over by radio stations, 
advertising agencies, and recording studios for making phonograph records and ' electrical trans- 
criptions. The equipment is suitable for both studio and field work. 


A complete standard instantaneous recording 
equipment consists of the following items : — 

(1) A heavy turn-table driven by an electric 
motor connected with a flexible coupling device with 
the turn-table. 

(2) A feed mechanism which cuts the spiral lines. 

(3) A magnetic recording head and a play-back 
pick-up. 

(4) A high-fidelity type microphone for trans- 
ferring the sound impulses into electric current and 


popular. The standard synthetic discs contain some 
percentage of nitrocellulose, and the research work 
which was carried on at the Indian Lac Re- 
search Institute under the direction of Dr H- 
K. Sen was directed to utilize shellac plastics 
as the chief ingredient. Discs that have been 
produced at Namkum Laboratory are the same 
in quality with the other standard discs of 
the market. The principle adopted in the manufac- 
ture of these discs will he described now. 


July, 1944 


SCIENCE IN industry 


46 


3 lbs. of linseed oil fatty acids are heated vnth 
efficient mechanical stirring in a tin-lined copper or 
enamel kettle to i5o°C and to lbs. of powdered 
dewaxed lac (flow not more than 140-150 seconds) 
added in small lots till intimately mixed. The tem- 
perature is then quickly raised to 175-180 degrees 
and i'2 lbs. of glycerine is added in a thin stream. 
The cooking is continued at the same teiiiiKjralure 
till the acid value conies down to about 40-45 (2^ 
hours). The mass is now allowed to cool down to 
about loo^C and dissolved in I'o gallon of rectified 
spirit or redistilled denatured alcohol, and the alco- 
holic solution run in a thin .stream into 2 gallons of 
distilled water containing o‘8 lbs. of liquor ammonia, 
(d. 0*88) or its e(]uivalcnt amount of dilute ammonia. 

As freedom from dust and suspended matter is 
an absolute necessity, the varnish so obtained may 
first be filtered through finest muslin and then run 
through Sharpie’s super-centrifuge. The coating and 
baking of the blanks must be performed in a dust- 
free and, if possible, air-conditionetl room. 

Application to the aluminium of other bases is 
elTccted be.st by spinning on a mechanically driven 
vertical spindle and flowing the varnish on to the 
disc from inside to outside. After air drying the 
disc is baked at 90-95°C for an hour. 

The discs are best recorded at least a fortnight 
after the coating is given, and with a fresh steel 
needle the surface noise is very little being of the 
order of about 22 to 24 db below the programme 
level at 78 r.p.m. and about 20 to 22 db at 33J4' 
r.p.m. as against 40 and 36 respectively for other 
commercial discs under the same condition. With 
saphire needles the results are still better. The quality 
of the reproduction compares very favourably with the 
best imported acetate discs, and the life may be in- 
creased considerably by baking the recorded discs 
at 90-95^C for a few hours. 

The discs are usually made of aluminium or 
glass, and glass gives the best surface to be coated 
with the recording plastics. EKscs have also iTeen 
manufactured out of shellac— formaldehyde-urea 
moulding powder. The lac moulded disc has to be 
baked first at 8o^C for about 8 to 10 hours atid then 
at 1 2o®C for about 24 hours, cooled and polished and 
then used for the coating. (The discs manufactured 
under this process have been patented under the 
Indian patent number 29193). 

Another improved composition fpr which patent 
is being applied for is making use of lac and metallic 
soaps. Discs produced of this comiwsition has less 
surface noise and better keeping qualities. 


Conclusion 

Instantaneous recording represents a further 
stage of development of recording technitiue and has 
the following distinct advantages over wax recording. 

(а) A commercial wax record has the itiaxiimim 
capacity for accommodating 3 minutes 30 seconds re- 
cording, whereas a 16^ instantaneous disc operated 
•'^t 33/4 r.p.m. can .safely contain 15 minutes* re- 
cording. 

(б) In technical experiments for judging the 
recording quality of a recording e(|uiiimciit under 
different recording conditions where a number of 
playbacks are neces.sary, an instantaneous disc is 
more suitable than a wax record as the latter is more 
easily spoiled with playback. 

The instantaneous recording has iu)w bccotue 
almost as durable, noiseless and accurate as the com- 
mercial records, yet added with many other advant- 
ages as detailed previously. The technique has re- 
ceived wide attention and is expected to be more 
widely used in future in various field.s. 

To popularize instantaneous recordings two 
things are of primary importance : 

(i) Production of cheaper tyi)c of discs wdiich 
may Ik* prepared from some products easily available 
locally and (2) production of cheaper tyi)e of record- 
ing machines. Instantaneous recording may be 
utilized by some enteri)rising smaller concerns 
as a source of income by in.stalling a cheaper 
type of complete recording equipiiient (at pre-war 
period a complete recording equipment was available 
at approximately Rs. 1,000/-) and organizing record- 
ing centres where any one can come and record his 
voice or music at a reasonable fee. 

Instantaneous recording on discs has become so 
popular in U. S. A. and Kurope that even the same 
is done at home, and for its wide circulation it is 
termed as ‘home recording.** 

♦The writer acknowledges his iiulehtedncss to Dr H. K. 
Sen, Director of Indian Lac Researrh Tiislitiit(\ Nanikiini, 
for hi.s very kind eiicoiirngeiiient l>y giving the writer llie 
data and principles of iiiaiiu fact 11 ring' these discs and by 
allowing him to publi.sh the same in the present article. 
His thanks are tluc to Mr A. Bunerjee, Chief Engineer 
and Director of Hiiiduslhaii Musical Products Ltd., Calcutta 
for affording him nil the facilities to carry on recording 
works with Instanianeoiis Recording Machine. Tic nlst> 
conveys his thanks to Mr Knmalesh Ray of the Physics 
Laboratory, University College of Science, Calcutta, for 
giving his valuable sugge.slions in preparing the present 
article. 
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RADIO-ACTIVE ELEMENTS FOR CANCER 

Cork of lonkeniia, lympliosiircoma, plasma cell 
Tiiyclonia. Hodgkin’s disease and polycythemia vera 
by a treatment involving the combined use of X-rays 
and radio-active elements such as phosphorus, 
iodine etc. has been rcixirted in a recent issue of 
Science News Letter. Such a combination treatment 
has been tried on about too patients at Memorial 
Hospital, U. S. A. Chronic lymphatic leukemia is 
markedly improved as shown by a pronounced dimi- 
nution in the number of white blood cells whose over- 
production is a feature of this cancer-like disease. 
The quality of the red blood cells also imjiroves 
under the treatment. In cases of lymphosarcoma, 
there is a reduction in the size of the masses or 
tumours. ImprovetTient has also been noted in cases 
of polycythemia vera. •Radio-active phosphorus may 
be given orally or by intravenous injection. 

Further, the use of radio-active elements has 
opened up a new field for the diagnosis of cancer. 
Radio-activity is induced to elements, ordinarily non- 
radio-active, by the cyclotron. In one set of interest- 
ing experiments, radio-tictive iodine was used to 
treat both cancer and benign tumours of the thyroid 
gland. One of the patients so treated later com- 
jdained of pain in a small area of his skull. With 
the help of a Geiger counter the doctor was soon 
able to detect Tiiarkcd activity at the area where pain 
was reported, and thus demonstrated the presence 
of radio-active iodine in that region. It is evident that 
cancer must have spread from the neck to the head. 

The fact that certain tissues are susceptible to 
si>ecific substances has revealed new clues not only 
for diagnosis, but also for treatment. Thus, irradiat- 
ed zinc is deposited in the pancreas, irradiated sul- 
phur in the skin and irradiated strontium in the 
cortex of Ijones. Further investigations are) however, 
necessary before these new evidences can be turned 
to good use. 


CONTROL OF LEUKEMIA 

Lkukbmia is a fatal malignant disease charac- 
terized by increased number of white cells in tlie 
blood. Dr James B. Murphy and Dr Ernest Strum, 
of tlie Rockefeller Institute for Medical Research, 
have recently made some important studies regarding 
the possibilities of bringing leukemia under complete 
control, according to a report in Science News Letter. 


Their studies indicate that resistance to leukemia 
is apparently related to the glands of internal secre- 
tion. These glands include the pituitary, thyroid, 
thymus, adrenals and sex glands. It is as yet un- 
known which of these glands are involved. Know- 
ledge as to the exact nature of this relation is also 
lacking. Their evidence, however, implicates both 
the thymus and adrenal glands. 

The studies have so far been made with rats. 
Removal of the adrenal glands greatly reduced the 
resistance of these animals to a highly malignant 
form of transplantable lymphatic leukemia. Less 
than half, 46*9 per cent, of a group of these animals 
from a strain very receptive to this transplantable 
leukemia developed the disease upon inoculation, but 
almost all, 90*3 per cent, of a group of animals of 
the same receptive strain developed it when inocu- 
lated after their adrenal glands had been removed. 

The disease in these animals is characterized by 
extensive invasion of the thymus gland, which, as 
other scientists have found, is greatly stimulated b>' 
loss of the adrenal glands. Lack of these glands and 
their hormones apparently upsets the normal balance 
between the various endocrine glands in such a way 
as to make the animals more susceptible to this form 
of leukemia. 

It is hoped that further work along this line 
will show what specific glandular imbalance may be 
responsible for lack of resistance to leukemia. If 
this can be learned, and if the rat findings apply also 
to men, it may be possible to find a way of stimulat- 
ing leukemia resistance so as to prevent or cure the 
disease. 

AWARDS OF LADY TATA MEMORIAL TRUST 

Tiik Trustees of the Lady Tata Memorial Trust 
announce the awards of the following scholarships 
and grants for the year 1944-1945. 

International Awards for research in diseases of 
the blood with .special reference to Lcutaeniias have 
been made to the following workers : 

(i) Prof. L. Doljanski, of Jerusalem, to conti- 
nue studies on (a) leucotic cells and agent of fowl 
leucosis in vitro ; {h) the X-ray susceptibility of 
leucotic agent ; (c) the cell affinities of oncogenic 
viruses and the mutual relationship betw^n Rous 
Sarcoma agent and agent of fowl leucosis ; (a) I^ 
Jacob Purth, of American nationality, Cornell Uni- 
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versity Medical College, New York, to continue the 
work in progress upon the leucaemias like diseases 
of fowls and their relation to neoplasms and to deter- 
mine the nature of viruses producing leucaemias and 
associated neoplasms, lymphomatosis, myelomatosis, 
endothelioma, sarcomas, etc., etc. ; (3) Dr P. A. 
Gorer, Guys Hospital, London, to continue the 
studies in the genetics of mouse leucaemia : (4) Dr 
A. H. T. Robb-Smith, Nuffield Reader in Pathology 
and Morbid Anatomy, Oxford University, to con- 
tinue the aid to the estoblishmeiil of a “Lymphonodc 
Registry** in the School of Pathology at Oxford to 
aim at better classihcation and follow up of liiiinan 
cases showing progressive hyi)erplasias and neo- 
plasms of the lymphoreticular tissues including cases 
of the leucaemias, lymphadenoma, lympho sarcoma, 
etc. ; (5) Dr Werner Jacobson, part-time Sir Hailey 
Stewart Fellowship at the Straiigevva>'s Research 
T.aboratory, Cambridge, to continue the study of 
making a histo-cheniical study of the argon taffine 
cells of the gut epithelium, with a view to deter- 
mining whether they arc the source of the intrinsic 
factor of Castle, and hence their bearing on the 
problem of pernicious anaemia and other blood 
diseases ; (A) provisional grant of £aoo to the worker 
under Prof. Witts to confirm Dr Jacobson’s research. 

Indian Scholarships of Rs. 150/- i)cr month each 
for one year from ist July, 1944 for the following 
scientific investigations having a bearing on the alle- 
viation of human suffering have been grantc<l to the 
following workers: 


(i) Mrs Alamela Venkataraman, Haffkiuc In- 
stitute, Bombay : — Synthesis of sulphanilamide deri- 
vatives ; (a) Mr Arobinda Roy, University College of 
Science, Calcutta : The absorption rate of different 
edible oils used in India and the effect of Vitamin A 
and D and hydrogenation ; (3) Miss Violet DeSoiiza, 
Indian Institute of Science, IJangalorc : The inves- 
tigation of strains of yeast and other hybrids as 
sources of the Vitamin B complex ; (4) Mr Narayaii 
(lopal Joshi, Tata Memorial Hospital, Bombay : 
Vitamin Metabolism in Cancer with special roferciicc 
to Ascorbic acid and (llntalhione ; (5) Mr P. K. 
Bhattacliaryya, University College of Science, Cal 
culla : Investigations on anti -bacterial substances 
l)roduccd by moulds ; (6) Mr S. Dattatrcya Kao, 
Indian Institute of Science, Bangalore : Investiga- 
tions on the influence of tocoi)hcrol and fat on the 
al)st)rption and utilization of Carotene and the funo- 
lion of Carotene in the animal system. 

PENICILLIN IN INDIA 

Wk learn with satisfaction that penicillin, the 
new drug which is one of the major discoveries of 
this war, is now being produced in Bombay. Work- 
ing in close collaboration with British and American 
scientists, the staff of the Haffkine Institute, BoniI)ay, 
under the supervision of Col. Sokhey, Director of tlie 
Institute, are growing small cultures of penicillin 
mould under low temperature. From these i»enicillin 
in its pure state will later be extracted. 


PENICILLIN 

A. C. UKTL 

CAI.CUTTA 


HOUGH immediate credit for the discovery and 
development of Penicillin as a powerful thera- 
peutic remedy against certain bacterial infections goes 
to a batch of British workers, the clues were obtained 
iimcli earlier. As early as 1877, Pasteur and Joubert 
noticed the inhibiting action of some bacteria on the 
growth of others, which led them to hope that some 
<lay important therapeutic applications might ensue 
from these phenomena. Since then workers had 
noticed these phenomena while studying bacterial 
wltures and even tried to apply them clinically in 
certain groups of cases.* . 

In 1929, Prof. A. Fleming noticed a green mould 
growing as a contaminant on an agar plate which 
he had used for the cultivation of staphylococci. He 
noticed that in the neighbourhood of the mould the 


colonies of staphylococci were dissolving. The con- 
taminant was identified as Pcnicillium Noialum, 
belonging to the genus Pcnicillium, so called from 
the resemblance of its fruiting body to a pencil or 
brush. On growing this mould in a li(iuid medium 
{peptone broth), Fleming noticed that it secreted 
something into the medium which inhibited the 
growth of many pathogenic bacteria even in high 
dilutions. Fleming gave the name Penicillin to this 
antibacterial agent. He also noticed that it was not 
toxic when injected into animals and that leucocytes 
were very little affected by it. The crude penicillin 
was, however, found to be very unstable and was too 
weak and too crude for injection. Early attempts 
at concentration were not successful and attempts at 
clinical trial were not pursued. 
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In 1952, Clutterbiick, Lovell and Raistrick found 
that penicillin was formed when grown on a synthetic 
culture medium , that it was a very labile substance, 
that concentration of the culture medium at 4o®C. 
in vacuo inactivated penicillin, that it could be ex* 



Pio. 1 . The picliire sliows the ori^riiial cuHiiro plate 
on which F'n»f. in IJ)29, observed the fnOpId 

VvnlciUium Notalum growing. The bacterial Cijlotvies 
round the niould can be seen in a state of advanced 
disintej^ratioii owing to tlu- presence of Penicillin, while 
the colonics furthest away are still flourishing. 

Iractod from the culture medium with ether after 
acidification and that the greater part of its activity 
was lost on evaporation of the ether solution in a 
stream of air. 

In I (>38, I?. Chain and H. W. Florey became 
interested in a study of the chemical and biological 
properties of anti -bacterial substances i)rodnccd by 
microbes, and luckily one of the first of such sub- 
stances to he taken up for study was penicillin. They 
attempted to find out the chemical nature of the 
biologically active agent. It was soon established that 
penicillin was an acid of low molecular weight, 
soluble and stable in various organic solvents, but 
stable in water only l)et\veen f?Ii 5 and 7. It was 
found that penicillin could be extracted into ether 
at an acid />H and that it could be re-ex tracted from 
the ether solution into water in the form of its salts 
by adjusting the />H to neutrality. It was also found 
that during these oiieratioiis no loss of anti-bacterial 
activity occurred as long as the solutions were kept 
cold. Chloroform and amyl acetate arc now used 
for the extraction and purification of penicillin on a 
large scale. On evaporation of the watery solution 
in vacuo from the frozen state, a dry penicillin salt 


preparation was obtained which retained its activity 
for a long period. The initial crude preparations con- 
tained only about 1 per cent of pure penicillin, but 
even these inhibited the growth of staphylococci and 
other bacteria in a dilution of i : 500,000, an effect 
similar to that of powerful antiseptics like acHilavin. 

The anti-bacterial activity of penicillin is ex- 
pressed as the amount of penicillin which is con- 
tained in I ml. of a certain purely arbitrary stock 
solution. This is known as the “Oxford Unit*’. A 
rough indication of the size of the unit will be had 
when it is staled that pure penicillin contains about 
r,ooo units per milligram and that most strains of 
staphylococci are usually inhibited by a concentra- 
tion of o’oi to 0*05 units i:>er millilitre, or with highly 
purified preparations of penicillin, the growth of 
staphylococci and streptococci is prevented at dilu- 
tions between i : 50,000,000 and i : 100,000,000. 

It was evident that with such an anti-bacterial 
substance having low toxicity and high bacteriostatic 
action, further studies sliould be directed (1) to 
arrange for large-scale preparation, as the culture 
contained only small quantities of the product, (2) lo 
imrify penicillin and to study its chemical nature, 
and (3) lo make a study of its biological properties. 
This was made possible by a team of workers, 
chemists, bacteriologists, idiarmacologisls, techno- 
logists and clinicians, prominent among whmn wejo 
like E. Chain, H. W. Florey, M. 15 . Florey, N. 
Hcatly, A. D. Gardener, E. P. Abraham, R. V. 
Christie, H. V. Morgan, R. Mowlen, L. P. Garrod, 
C. M. Fletcher, G. Ckslcr, K. Callow, Mahony, 
Arnold, Harris, Herrcll, Keefer and others. 

A synthetic medium to which .>'east has been 
added was u.sed for large-scale preparation at 24° C. 
As different strains vary in their potency, special 
care is needed to select a non-toxic strain which will 
yield the largc.st yield. The yield of penicillin from 
a 20-litre culture fluid is only one gramme. In 10-14 
days, the fungus grows rapidly and covers the surface 
of the liejuid medium. The liquid substance of the 
medium turns yellow and contains penicillin. The 
crude penicillin, although fairly stable, contains 
mixtures of very many different substances. The 
isolation of penicillin from this mixture proved lo 
be a difficult problem, because of its instability 
towards many chemical reagents and of the 
unfavourable solubilities of the free acid and its salts. 
By a "suitable combination of distribution between 
solvents, chromatographic methods and a reduction 
process by aluminium amalgam, it has been found 
possible to obtain barium .salts possessing an activity 
of about 1,000 Oxford Units per milligram. Recently, 
it has been possible to obtain crystalline praparations 
of salts of penicillin. Work has also been done to 
determine the constitution of tiie breakdown pro- 
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ducts of penicillin, and this may open the way to 
its eventual S3^thcsis. Workers in America and 
other countries are actively engaged in pursuing the 
subject. Chemists are expected to play an important 
part in the next phase by grouping its molecules, 
as has been the case with sulphanilamide. 

The purest preparations of penicillin have been 
found to inhibit the growth of staphylococci at a 
dilution of i part in 50 itiillions. Gonococci and 
meningococci were found to be twice as sensitive as 
staphylococci. Among other bacteria which have 
been found to be sensitive arc streptococcus, 
imeumococcus, anthrax bacillus, diphtheria bacillus, 
some strains of actinomycosis and the important 
group of gas gangrene organisms like cl. tetani, cl. 
wclchi, cl. vibrion septique and cl. oedematiens. 
Recent work done in the U. S. A. shows that inten- 
sive treatment with penicillin cures the primary sore 
of s}ijhilis. The typhoid -dysentery group of bacilli 
is among those which arc less sensitive. The coli- 
form group of organisms, B, Proteus, B. pyocyaneus, 
tlie genera Haemophilus and Brucella, Streptococcus 
I acral is and tubercle bacillus arc insensitive. 

The body deals with infecting organisms largely 
by means of the leucocytes — mobile agents which 
ingest and kill the l>acteria. With increasing 
purification of the penicillin, its low toxicity has 
been further reduced and it has been found by tissue 
culture and leucocyte suspen.sion experiments that 
the iis/iue cells retain their activity with fairly high 
ch)scs and that no toxic effect is observed on the 
blood-pressure, heart-beat, or respiration of cats, 
when doses suilicient to produce anti-bacterial con- 
centration in the blood arc given to them. It could 
be injected directly into the brain and cerebrospinal 
fluid of rabbits without toxic symptoms. The anti- 
bacterial activity, which is not influenced within 
wide limits by the number of bacteria present, is in 
no way diminished by blood, pus, ti.ssue autolysates, 
or protein hydrolysates. Very little destruction 
takes place inside the body as it is largely excreted 
by the kidneys. Penicillin, even in strong dilutions, 
docs not kill the bacteria inimcdatcly, but inhibits 
their growth. These facts and its insensitivity to 
thy products of tissue decomposition give penicillin 
important advantages over the sulphonamide .group 
of drugs, which do not act effectively in the presence 
of protein breakdown products or if large numl>ers 
of bacteria are present. As with sulphonamidcs, the 
action of penicillin is bacteriostatic rather than 
bactericidal, the actual destruction of the bacteria 
being done by the body cells. The best results arc 
observed in cases with good phagocytosis and high 
immunity, i.c. where the blood supply in the 
infected tissue is good and tissue metabolism 
efficient. With most new drugs, the upper limit or 
7 


tolerance is determined by the occurrence of toxic 
symptoms. With penicillin, striking therapeutic 
effect is produced by doses far below the toxic level. 
These facts combined together would make penicillin 
a chemo-thcrapeutic remedy of first-rate importance. 

Penicillin has been found to be rapidly absorbed 
after intramuscular or subcutaneous injection, but 



Pio. 2. The above is a drawing of the tnould peni- 
cillium. The bluish-green colour of tliis common mould, 
whicli occurs on almost every sort of organic matter, 
is due to a dust of the asexi1.1I spore.s by which it is 
propagated. A bninclie<l mycelium penetrates the 
.snbstratuiii, and sends up reproduction branches into 
the air. on the tips of which are chains of small rounded 
spores that are freed by the faintest touch of air. 

not after oral admihistration, since it is destroyed 
by the hydrochloric acid of the gastric juice. It is, 
however, absorbed from the small intestine, but 
enzymes from, the coliform bacilli iircsent in the large 
bowel destroy it. It is excreted into the saliva, 
urine and bile, but does not pass freely from the 
blood-stream into the tears and pancreatic juice and 
cerebro-spinal fluid. It can also be safely 
administered in severe cases of generalized sepsis, by 
the intravenous route. It is destroyed by acids and 
alkalies, by bailing, by heavy metals such as copper 
and lead, by oxidizing agents and by enzymes from 
many common bacteria, including sonic air bacteria 
and some meml)ers of the coliform group. Many 
organisms which become sulphonamide-resistant are 
penicillin-sensitive, although* experiments have 
shown that certain organisms may become penicillin- 
resistant. Local application has also proved to be 
effective in lesions caused by penicillin-sensitive 
organisms, provided penicillin in .sufficient concentra-% 
tion gets access to all infected areas caused by injury 
or otherwise. 

The ix>tcntialities of a remedy with a great antiF 
bacterial power combined with Ipw 
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indeed great. The only difficulty militating against 
its widespread application at the present moment 
seems to be the low yield of the material. This will 
perhaps remain so until chemists can help in the 
synthesis of the active material. This development is 
urgent, i)articularly because penicillin and its pre- 
parations cannot be .stored without loss of potency 
for more than 3-6 weeks. 

Having reached this stage, British workers of 
the Sir William Dunn School of Pathology at Oxford, 
field workers in the various war zones and American 
workers devoted their attention to finding out the 
routes of administration and the minimum effective 
dose in various groups of cases. A reasonably stable 
sodium and calcium salt of penicillin was prepared, 
tlie sodium salt proving to be hygroscopic. These 
salts were found to be extremely soluble in water. 
The potency has varied from 6*8 to 160 units per 
milligram of different samples of the product. The 
calcium .salt is unsuitable for intramuscular or intra- 
venous injection in .strong .solutions. 

For local application, three preparations have 
been used to treat different types of lesions : (i) solu- 
tion in water in a strength of 250—500 units per c.c. ; 

(2) emulsion cream, made of lanette wax SX — 33 per 
cent, vaseline— 33 per cent and water to 100 per cent 
making a final strength of 100 units per gram ; 

(3) powder, in base made of 95 per cent of sulpliani- 
lamidc and 5 per cent of light magnesium oxide, 
which are sterilizable by autoclaving. For a success- 
ful result, it is neces.sary that the primary infecting 
organisms must be penicillin-sensitive, it must reach 
all parts of the wound in an effective concentration 
throughout the period of treatment and that treat- 
ment must be continued until organisms cease to be 
cultivated or sometime after apparent clinical cure. 
It has been tried successfully in infections of 
the eye, skin, mastoid process, chronic wound 
sinuses, abscesses, enipyemata, bums and mis- 
cellaneous local septic conditions. In infections con- 
taminated with B, pyocyanciis, Proteus and B, coli, 
penicillin does not act well until the pus is drained. 
The accessibility of tissues to the action of pcnidllin 
is an important consideration in treatment. Much 
smaller doses are needed for the treatment of local 
conditions than in systemic infections where injections 
are imperative. 

For reasons stated above, unlike sulphonamides, 
penicillin cannot be administered orally. 

The most practicable method of administration 
is by the intramuscular route at 3-hourly intervals 
'’of a dose of 15,000 Oxford units, although it may 
vary according to the type of case. Owing to the 
rapid elimination of the drug by the kidneys, re- 
peated injections are needed. At the end of the 
3-hour period after injection, a careful examination 


of the serum should be made to see that the serum is 
still fully bacteriostatic. The pain caused by the 
injections can be minimized by adding novocain to 
penicillin solution at the time of injection. A total 
dosage of 5,00,000 to 1,000,000 units may be needed 
in severe cases. In estimating clinical progress, the 
temperature chart is a poor guide. Attention should 
be focussed to other criteria, such as les.scning of 
pain, reduction of swelling and pus, improvement of 
appetite and sense of well-being, in addition to the 
data obtained from bacteriological examinations. The 
most striking result, however, has been the rapid 
restoration of function and the completeness with 
which function is regained, as compared with cases 
which have not received the benefit of penicillin 
therapy. 



Fjg. 3 . The white crinkled part is the mould which 
exudes Penicillin into the broth (the black part), in 
which it grows. From left to bottom right the rale of 
growth is .shown from one to ten days. 

Apart from the conditions described above, 
penicillin therapy has been found to produce gf)od 
results in generalized or localized staphylococcal or 
streptococcal infections, chronic sinuses, al>scesscs, 
einpyemata, cellulitis, arthritis, acute mastoiditis, 
acute, subacute or chronic osteomyelitis, .sulphoiia- 
mide-rcsi.,tant streptococcal meningitis, cavernous 
sinus thrombosis, carbuncle, anthrax infections and 
some cases of actinomycosis. Penicillin is the chemo- 
therapeutic agent of choice in the treatment of gas 
gangrene, when given as an auxilliary to radical sur- 
gery and gas gangrene anti-toxin, the latter helping 
to neutralize the toxin from gangrenous muscle 
where penicillin cannot act. It has also been found 
in America to bring about a radical cure of sulfa- 
resistant gonorrhoea and gonorrhoeal arthritis. 
Endocarditis caused by streptococcus viridans was, 
however, found to be ineffective. Recent work in 
America indicates that a radical cure of primary 
chancre in .syphilis may be obtained by intensive 
treatment with penicillin. 
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In cases of staphylococcus septicaemia and 
pyaemia, intravenous administration, alon^r with in- 
tramuscular introduction, a complete cure has been 
reported even in very severe cases. No toxic 
symptoms due to the drug have yet been met with. 

For intravenous administration in serious cases, 
drip transfusion has been found to be useful. For 
this purpose, 30,000 units of sodium penicillin are 
dissolved in i pint of 4 per cent dextrose in o' 18 per 
cent saline, taking 6 hours for transfusing this quan- 
tity. The advantage of continuous intravenous trans- 
fusion have been found to be continuous maintenance 
of adequate blood titre and the disadvantage is fre- 
quent and painful thrombophlebitis, rendering many 
of the veins useless for further injections. 

The advantage of intermittent intramuscular in- 
jection is its simplicity but its disadvantages are 
(i) pain, and (2) disturbance of the patient every 3 
hours. Its administration by drip transfusion into 
bone marrow has been tried with a certain degree 
of success. A continuous intramuscular drip tran.s- 
fusion of penicillin has been tried with success in 
some cases. This has the advantage of maintaining 
an adequate blood titre, avoiding repeated punctures 
and comparative freedom from pain, but it has a 
tendency to local infection and abscess formation. In 
conducting successful treatment, it is necessary to 
liave adequate laboratory control in not only making 
the initial correct bacteriological diagnosis but also 
ill checking the results of treatment by estimatitig the 


penicillin content of blood and of exudates. A recent 
issue of the British Medical Journal (April 15, 1944) 
contains as many as 8 pa^jers on therapeutic trials 
in various types of cases carried out under the guid- 
ance of the Medical Research Council in England. 

From what has been said above, it will appear 
that the application of penicillin sufficiently early in 
a large number of diseases where the infective orga- 
nism is sensitive to penicillin may dramatically alter 
the whole picture. It is striking that such a remedy 
has been obtained from ati initial accidental discovery. 
The chief difficulty at present is its production in 
sufficient quantities. It is desirable that strains of 
Penicillium'notaium should be obtained from Oxford 
and work started in India in accredited laboratories. 
Extensive investigations should also be carried out 
to see if any other mould produces a similar or better 
remedy. Chemists should also get themselves busy 
with chemical work with a view to eventual synthesis. 
Unfortunately the tubercle bacillus still remains out- 
side the fold of chemotherapy. 

It is gratifying to note that the Rockefeller 
Foundation offered its help to the British workers to 
conduct their researches. In conformity with the 
Foundation’s traditions, it is hoped that it will now 
stimulate the production and control of ].)enicilliii in 
other countries of the world. By so doing, the 
Foundation will help in reducing unnecessary human 
suffering from many infections in different parts of 
the world. 
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British Dramatists — By Graham Greene. Published 

by William Collins & Co. Ltd., London. Pp. 48. 

The book under review belongs to the brilliant 
series known as “Britain in Pictures”. It tells within 
a very short compass and in a singularly lucid and 
graceful style the story of the growth and develop- 
ment of British drama from the Mystery and Miracle 
Plays to Eliot’s Murder in the Cathedral, It is in- 
deed amazing that the author has been able to men- 
tion all the important phases and characteristics of 
English dramatic literature in a small book of forty- 
wght pages. The transition from one fonn of drama 
to another has been very clearly shown. The author 
has also pointed out the anticipations of later drama 
the mediaeval plays. The need of utmost com- 
pression has not prevented Mr Greene from putting 
a few words about stage-craft and theatre houses. 


The fine critical acumen of the author which is 
manifest in his pithy observations on the genius and 
achievemcnls of the different dramatists is likely to 
form and influence the taste of the readers. The book 
is, as such books ought to be, something more than 
a mere chronicle of literary events. It expresses the 
impressions of a sensitive and critical mind which 
make it very pleasant reading. It docs not raise any 
controversy, nor docs it simply repeat the common 
place formula of standard criticism. The statements 
of Mr Greene have a freshness and vigour which 
would surely create in his readers a strong desire 
for studying the dramatists for themselves. The book 
contains eight plates in colour and twentysix illus- 
trations in black and white which are very ex- 
cellently produced. This double attraction of the 
brilliant essay and a nice album have made the book' 
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an invaluable possession for those who are interested 
in the subject. 

R, K, D. G. 

Art of Discipline and Leadership or How to 
maintain Discipline and attain Leadership. — 

By Auuiv IlASANAT (Indian Police), Pp. 1-306, 
published by the Standard Library, Dacca. 
Price 3s. 6 d, or Rs. 2/4. 

The subject matter is dealt with under the follow- 
ing chapter heads (i) Discipline— -Why necessary? 
(2) What is discipline? (3) Sphere of Discipline — 
Whose and When ? (4) A deep driving desire, (5) The 
right disciplinarian, (6) Self-confidcnce, (7) Fearless- 
ness, (8) “Obey-ine” attitude, (g) Manner — How to 
conduct oneself, (10 and 11) Tone — How to order 
others, (12) Sense of proportion, (13) Supervision, test 
and inspection, (14) Justice and discrimination, (15) 
The magic appreciation, (r6) Appropriate handling 
of human nature, (17) Chart Index, besides a very 
large number of sub-headings. The author’s delinea- 
tions though made in popular style are fully compre- 
hensive and are to the point. The performance reflects 
great credit to the author who has displayed a very 
wide reading and critical aptitude and vast experience. 
It is really a good book on a very important topic of 
Social and Industrial Psychology, which is claiming 
the attention of the military authorities and managers 
of big workshops and factories who arc in search of 
people endowed with some amount of leadership. 
Any one concerned with the maintenance of discipline 
and retentions of leadership is likely to derive much 
benefit from a perusal of the book. The author has 
relied principally on biography of great men and has 
discussed some psycho-analytic complexes with a 
view to emphasize the primary wishes to achieve 
one’s ends. He would have done well to have dis- 
cussed the importance of tests of temperament and 
character traits of a personality with a view to the 
selection of leaders for different tasks. Though 
much can be done to evolve leadership where it is 
inherent yet modern psychology does not believe in 
creating leadership in one where it is lacking. 
Leadership is really inborn and thrives in proixjr 
environment. Discipline can be taught and main- 
tained by training proper methods. 

M. N. B. 

Soviet Russia— Edited by K. S. Hiri^ekar. Pub- 
lished by Avanti Prakashan, Bombay. Price 
Rs. 6/8. 

The book under review is a collection of articles 
by Academicians, members of the Supreme Soviet 
and prominent Soviet workers engaged in active work 


in various branches of science, industry, agriculture, 
education, transport and communication and such 
other fields of human activity. The articles, written 
as they are by men who have first hand knowledge of 
men and things in Soviet Russia, have a stamp of 
authority and an importance which need hardly be 
overestimated. Some of these articles were written 
in 1939 for the visitors of the Soviet Pavilion at the 
New York World Pair and already published in 
various foreign papers, while others appeared at 
different times in ^viet daily newspapers, such as 
Mosco7v and .Sovtef Russia Today, Mr Hirlekar to 
whom goes the credit of editing and compiling these 
articles has shown real skill and knowledge of affairs 
in Soviet Russia in his selection of articles. There 
are far too numerous writings on Soviet Russia to 
indicate in superlative terras the colossal progress 
U.S.S.R. has made in every sphere of national devel- 
opment, but few have sought to corroborate the real 
extent of this progress by reliable statistical data 
which alone make the statement of any use. 
Mr Hirlekar has taken particular care in choosing 
articles replete with statistical information and has 
himself supplemented it by a series of useful appen- 
dices. 

The book has been divided into five parts devotcil 
to (t) Soviet Russia — Economic Power and Re- 
sources, (2) Soviet Industry and Communications, 
(3) Soviet Agriculture, (4) All-round Coniribulion 
to Industrialization and General Uplift, and 
(5) Soviet Russia, 1940-43. It is satisfactory to note 
that logical sequence in the arrangement of articles 
has been maintained throughout. Through the.se 
articles the story of the phenomenal development of 
natural resources, their utilization through the estab- 
lishment of light and heavy industries, the growth of 
an admirable system of transport and communications 
on land, through air and along waterways, connect- 
ing the far-flung and hitherto inaccessible parts of 
Russia, the spectacular success of Soviet agriculture 
through the institution of State and collective farms 
and application of modem methods of science, the 
cultural X evolution through the liquidation of mass 
illiteracy, the remarkable increase in the workers’ 
efficiency through the Stakhanov movement and such 
other Soviet developments during the la.st two 
decades has been told in a lucid, accurate and fas- 
cinating style characteristic of ^e Soviet writers. 
The incorporation of four maps showing the Con- 
stituent Union Republics, the location of basic heavy 
industries, and of paper and saw mills and the chief 
air lines has further increased the usefulness of the 
book. Mr Hirlekar must be congratulated for having 
edited such a book which, we hope, will be cordially 
welcomed by every one interested in Soviet Russia as 
well as by general readers. 

S, N. S. 



BOOK REVIEWS 


58 


July, 1944 


Habit and Hmlafe--By Frederick Wood Jones, 
D.Sc., F.R.S., Professor of Anatomy, University 
of Manchester. Published by Kegan Paul, 
Trench, Trubner & Co., Ltd., London, 1943. 
Pages 100 with 17 illustrations. Price 55. net. 

In this well written book Prof. Wood Jones has 
advocated the idea of inheritance of acquired charac- 
ter, which has remained since Lamarch postulated liis 
doctrine about a century ago, a subject matter of 
heated controversies. It is a vital question in the 
complex problem of heridity and biologists all the 
world over have tried to solve it. Heckel, de Vries, 
Buffon, Darwin, Wallace, Weismann, Herbert Spen- 
cer, Roux, Doncaster, Bergson, Arthur Thompson, 
Haldane to name a few, have all put forward evi- 
dences and discussed the problem, whether a charac- 
ter or modification acquired by an individual in its 
life time, can be transmitted to its progeny, and thus 
become a factor in evolution. It is an important 
factor, as the acquired character may be either benc- 
hcial or detrimental to him and his race and thus 
contribute largely to its evolution. 

The genes within the chromosomes are the 
bearers of almost the whole hereditary constitution, 
which is fixed for the race and are handed over from 
[lareiits to offsprings. But it is also an undoubted 
fact that mutants or ‘‘fricks** (with actual alteration 
ill some of the genes and not mere shifting of the 
old ones) appear, having characters different from the 
parents and that these mutations are inheritable. 

An equally important question is whether en- 
vironment to which living objects react and adjust 
themselves to its changes, play any part in evolu- 
tion. Are the modifications acquired by an individual 
in its life time in response to environmental changes 
inheritable ? 

A considerable amount of controversies have 
taken place to explain what is meant by “Acquired 
Characters”, which have only caused confusion and 
Prof. Wood Jones has devoted an entire chapter to it. 


The modifications are acquired or developed by 
actual use or disuse in response to physiological 
adjustment to the environmental changes and not a 
mere accidental injury and “several generations must 
be subjected to changed habits for any appreciable 
result. The incorporation of these changes in the 
physiological or anatomical make up of the race, the 
inheritance of which has a physical ba.sis in the germ 
plasm, must necessarily be a .slowly developing pro- 
cess. The author has set to answer the question : 
May a feature developed repeatedly during the suc- 
cessive lives of a long series of generations be 
ultimately incorporated in the horilagc of the Species 
as a permanent feature? 

It is difficult to demonstrate .such inheritance by 
experimental methods but Nature with unlimited 
time at its disposal may furnish evidences of its actual 
happening. The author has considered in detail 
several instances from Nature, where some particular 
luodification developed in rc.si)onse to some special 
condition has become permanent in the race. 

The special facets on the libia and astragalus in 
some of the squatting races (the Punjabis), who for 
generations have habitually taken up a peculiar 
squatting posture, is quite different from the facets 
developed in the Australian aborigines who as.sume 
quite a iliffercnt squatting posture. These facets have 
become permanent and arc present in the embryo as 
an inherited characteristic. The .same story is found 
in the peculiar spinal curvature in the seal embryo 
and in the reversal of the hair .slopes in some of the 
marsupials. In the chapter on the highly interest- 
ing method of reproduction in the marsupial the 
author has tried to demonstrate the gradual incorpo- 
ration, as an inherited adult permanent .structure in 
the higher order of these animals, the belter elabo- 
rate primitive birth passage, which is just a very 
temporary arrangement in those of the lower order. 


B. B. S. 
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LETTERS TO THE EDITOR 

[The editors are not responsible for the views expressed in the letters,] 


SPACING RATIO OF ATMOSPHERIC STREETS 

In a slow moving stream two rows of vortices 
appear in the wake behind a moving bluff obstacle. 
All the vortices are equally spaced and equally 
strong, so that a clockwise (negative) vortex, for 
example, is symmetrically placed between two anti- 
clockwise (positive) vortices. There is an ‘axis of 
symmetry*, directed downstream, between the row of 
negative and of positive vortices. The vortices to the 
right of the a.xis are negative and to the left, positive. 
The line cuts symmetrically the sinuous stream of 
circulating fluid between the two rows of vortices. 
This is the wellknown KAnndn street which is a 
vortex street w'ith two rows of vortices. The spacing 
ratio of a street is the ratio of the distance b separat- 
ing the two row's of vortices to the spacing a of two 
consecutive vortices of the same sign or, the wave 
length of the street. 

The method of forecasting by fields and streets 
is based on the ‘theory of free streamlines* of 
Helmholtz, Kirchhoff and Rayleigh. In the siiacing 
ratio, the theory provides an index of the aerodyna- 
mical stability of a .street, and, therefore, indirectly 
of that of a ‘cyclic field* w'hich may appear betw'een 
two streets from opposite directions. The stability 
criterion of a street has been fully worked out in 
treatises on aerodynamics and a K&rm&n street is 
found to be stable for all disturbances when the spac- 
ing ratio is 0*3. 

The spacing ratio of an atmospheric street is of 
considerable help to the forecaster in deciding such 
issues as the persistency of a type of weather, the 
potentialities of cyclonic and anticyclonic disturb- 
ances and the formation of cols and squall fields. 
The cols are often responsible for sudden and un- 
expected weather, generally of a ‘sporadic’ nature 
and sometimes of great intensity. 

The earth, in the ‘general circtilation* of the 
atmosphere, resembles a sphere rotating about a 
crosswind axis. The orographic reliefs are the fixed, 
three-dimensional bluff obstacles. As to the analogy 
of an undisturbed stream striking an obstacle, the 
dominant orographic relief of the American conti- 
nents, stretching from one hemisphere into another, 
are ideally plac^ in the (undisturbed) primary easter- 
lies U* and westerlies Vw, of the ‘general circula- 
tion*. 

The streets, associated with the normal positions 
of the two primary streams in each hemisphere, pro- 


duce the two great families of anticyclogenesis fields, 
viz., the field A echelons^ in the northern hemisphere 
and field B echelons in the southern hemisphere. 
The anticyclogenesis fields are therefore the normal 
fields of the ‘general circulation*. 

Incidentally, it is the local and short-lived re- 
versal of the normal positions of the easterly and 
westerly streets in the same hemisphere that brings 
the cyclogenesis field into existence. In the monsoon, 
however, the reversal is long-lived and represents 
persistent interactions between two hemispheres. 
Consequently, the highest frequency of cyclones in 
the Bay of Bengal is registered in this season. 

Rockies in the northern hemisphere are approxi- 
mately parallel to the dilatation axes of the field B 
family echelon, w'hilst Andes in the southern hemi- 
sphere are i)arallel to the dilatation axes of the field 
A family echelon. These are the two great cyclo- 
genesis fields in the respective hemispheres. In other 
words, the orographic reliefs act as dilatation axes 
and promote transport of heat between high and low 
latitudes. 

The average layer of the atmosphere affected by 
the mountain ranges is at least 5-6 km. in thickness. 
It is noteworthy that the thickness of the ‘generative 
shell* in the Indian area is also of this order in the 
monsoon. Anticyclogenesis commences at the* top 
and cyclogenesis at the bottom of the generative 
shell. 

The bluff obstacle:*, Rockies and Andes placed 
in Uw> deflect the current and thus shed high 
pressure vortices to their w'est in both the hemi- 
spheres. During the monsoon, the anticyclone to the 
w’cst of the Western Ghats illustrates the bluff 
obstacle effect in the Indian region. Similarly, low 
pressure vortices are shed by orographic relief suit- 
ably placed in Ue or Uw. It is between these high 
and low pressure vortices of the same undisturbed 
stream that the sinuous stream runs. 

The analogy of the K&rm&n street with the 
atmospheric vortex street seems irresistible. The dis- 
tinguishing features of the latter are: — (t) the mode 
of formation, (ii) the appreciable solid rotation cores 
of the vortices of the street and (ui) the geographical 
scale of the bluff obstacles. 

The isobaric charts and the streamlines aloft 
demonstrate that the atmosphere consists of two types 
of vortex streets, viz,, (a) single ^row of vorticles and 
(6) double row of vortices. It is apparent that, with 
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the weakening of the undisturbed streams, a diffusion 
of an anticyclogenesis field echelon will leave only 
the ‘sources’ (which are the high pressure vortices) 
prominent and, as is to be expected from the normal 
dispositions of Uw and Ue, this feature is emphasised 
in the average charts. 

For example, the annual average isobars at sea 
level over the globe show a row of marked source 
vortices (subtropical anticyclones) with diffused low 
pressure areas on either side in the subpolar and 
equatorial regions. The prevalence of convective in- 
stability in these regions is well-known. The stream- 
lines in the average wind fields in the directive shell 
over the Indian region* also bring out the same 
features. 


In the determination of the spacing ratio of a 
street of double row of vortices, both a and b have to 
be measured from the weather charts. The former, 
taken as the wave length of the street, is easily esti- 
mated from the weather cliarts. It is of interest to 
note in passing that air masses may often be identi- 
fied by the wave length of an undistorted and .simple 
street of a spacing ratio of 0*3. 

In actual practice, the streets are often distortctl 
and complex and especially so in the transition 
months. Some of the disturbing factors are : — 
(/) orographic relief, (tt) periodic motions which dis- 
place the vortices at right angles to the streets, 
(Hi) iluctuations or weakening of the undisturbed 
streams, (iv) anticyclogeiiesis and cyclogcnesis in the 



From a study of the outstanding orographic 
relief of the globe, it is found that a grid of wedge 
lines, as shown in the annexed diagram may be ex- 
tended right round the globe. An atmospheric street 
of one row of vortices may thus be built , up from 
the more or less evenly spaced wedge lines WW. 
The trough lines joining the ‘sinks* on the other 
hand, are blurred in this type of street. It has, 
therefore, no spacing ratio. 


field, introducing longitudinal expansions or contrac- 
tions in the cyclic fields, (v) unequal turbulancc over 
land and sea, and (vi) fracture in the col field, etc. 

For the measurement of b, a line has to l>e drawn 
through the centres of the solid rotation cores of the 
negative vortices and another line through 
those of the positive vortices, as shown in the 
diagram. The sfVerage perpendicular distance 
between these two lines may be taken to be b. 
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The intercept, LiLa or NjN,, between the trough 
lines, TiTx and TaT,, is the wave length a, and 
LiNi or LgNa is b, * 

The centre of a solid rotation core may be called 
the ‘no wind’ or calm centre. The rule of fixing of 
‘no wind* centre, if there is one, of a cyclone for 
example, is based on the assumption of the establish- 
ment of an c(jitiangular spiral (simple vortex plus 
translation) round a solid rotation core. The spiral 
is of diminishing radius in the case of a low pressure 
field or ‘sink* (“spiral convergence**) and of increas- 
ing radius (“spiral divergence**) in the case of a high 
pressure field or ‘source.* This rule, however, docs 
not always lead to a satisfactory location of the calm 
centre for reasons explained in the following para- 
gra])hs. 

The calm cciilre may be the centre of a cluster 
of forced vortices of the same sign, brought together 
by ‘belting* or by translatory motion. Ily ‘lx?lting* 
is mcJint the fastening of solid rotations with closed 
streamlines of Uo, Ihc neutral air. (Ho is air without ■ 
vorticity, in a uniform pressure field, inert because 
straight streamlines aciiuire sf)lid rotation only, 
perhaps similar lo the 8-air of the Americans, losing 
vorticity while subsiding in a warm anticyclone). 
Incidentally, ‘belting* brings distant air masses 
together. There can thus be ‘cementing’ or ‘fusion* 
of adjacent solid rotation cores, when an undisturbcil 
stream strengthens first and then weakens. These 
processes eventually produce ‘col fields* or a conglo- 
meration of forced vortices. 

A diffusing A family echelon produces a single 
row of vortices or negative col fields. Similarly, a 
diffusing 11 family echelon produces positive col fields. 
The.se may be taken to be ‘discs*, more or less oval. 
Let there be an easterly street Uj to the north of the 
westerly street Vi and another easterly street U3 to 
the south of IT,. With proper spacings of the posi- 
tive and negative discs, an undisturbed stream U, 
strengthening again gives rise to a new street which, 
however, is nece.ssarily complex and unstable. Thus 
the. gro\vth of a street from simiilc to complex is 
usually followed by subdivision of vortices. The life 
hi.story of a coal field, therefore, is an important con- 
sideration in forecasting. 

The significant facts gathered from the charts are 
(a) forced vortices of the same .sign may diffuse into 
each other but never combine, (6) a cyclic field, which 
encloses forced vortices of opposite signs, is unstable. 
A coal field has an un.stable structure, and a cleavage 
in the ‘disc* initiates coal activity. Thus ‘cleavage* 
follows ‘belting*. 

The determination of b is often difficult. For 
example, the evidence from the surface charts is that 
the ‘discs* may have a number of so called ‘no wind 
centres’, appreciably .separated fiDin each other. The 
distribution of upper winds in a horizontal section 


of the generative shell, on the other hand, may not 
"show more than two vortices of the same sign and 
only one of the opposite sign inside the Indian region. 
One of the two lines through the centres of vortices of 
the same sign, cannot therefore be drawn with con- 
fidence. In a case like this, the axis of symmetry 
of the streets has to be drawn before spacing ratio 
can be determined. With the axis tangential to the 
cores of the vortices, a determination of their diameter 
gives b. In the charts, however, either the ‘sinuous 
wake* is broad or the cores are often displaced, owing 
to the development of a circulation round them, or 
on account of the presence of extraneous simple 
harmonic motions. 

Despite all the imperfections and limitations ex- 
plained in the preceding paragraphs, actual measure- 
ments from weather charts show that the spacing 
ratio of streets varies from 0*2 to 0*7. The winter 
cyclones often have a spacing ratio of about 0*3. A 
type of monsoon cyclones, which forms between a 
composite easterly street to the north and a compo- 
site westerly street to the south, has a spacing ratio 
of o’s. This is equivalent to a spacing ratio of 0 3 
in the case of a cyclone between two ‘simple .streets’. 
A complex street has also a spacing ratio of 0 5 and 
above. It is interesting to recall the stability criterion 
of the K&rni&n street in this connection. 

In conclusion, it may be pointed out that a fore- 
caster should ordinarily expect (a) an intensification 
of a depression into a cyclone, if the spacing ratios 
of the participating streets are likely to approach o 
in a contracting positive cyclic field, (b) a spacing 
ratio of 0*5 and above in a complex street is genc- 
^rally followed by col activity in both the negative and 
positive col fields, (c) ordinarily, a spacing ratio of 
0*2 and less indicates a di.ssipating cyclic field and 
change of weather type, (d) col activity (which may 
be equivalent to anticyclolysis or cyclolysis) may give 
rise to dustdevils or tornadoes or simply to siinall 
fields. In these phenomena, the direction of motion 
of air along z axis at the edge of a cyclic field is 
determined by abnormal thermodynamic and aerody- 
namic instabilities and may be directed upwards or 
downwards, according to the low or liigh pressure 
field locally set up, irrespective of the sign of rota- 
tion of the cyclic fields. The squall field will he 
discussed in another note. 

S. N. S«N 

V. Ganesan 

Central Meteorological Office, 

McLeod Road, Karachi, 

5-4-1944. 

‘ lliia note is to be read along with the diagram on 

page 454 of Science and Cuiturb, 9, 454, 1944, 

* Unpublished Atlas of Nonnol Vortex 6tn^ets.. 
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tBTTBRS TO THS EDITOR 


EXTENSION OP THE DimRENCE THEONEMS OF 
SINGER AND BOSE 

(1) Singer* (1938), bjr the properties of 

the finite projective 2 dimensional geometry PG 
(a, tn), has established the existence of a set of 
(w+i) integers 

do, d, 

such that the m(w+i) differences di--dj(t + i) re- 
duced modulo (m* + nt+i) contain all integers i, 2, 

m(»i+i) once and once only, whenever m 

is a prime or a prime power. The affine analogue of 
Singer’s theorem is given by Bose* (1943) who has 
shown, by using the properties of the finite Eucli- 
dean geometry EG (2, m), that given an integer 
wt=^" (where is a prime) it is possible to find m 
integers 

do, dif din-l 

such that among the in(m — i) differences di —dj 
(i + f) reduced modulo (m*“i) all integers less than 
(w*-i) and not divisible by (w+i) occur once and 
once only. These theorems enable us to represent 
PG (2, m) and EG (2, m) of a certain 13^10 compactly 
by difference sets which give the geometrical con- 
figurations by cyclic substitutions. Both the theorems 
arc also useful in representing the incomplete balanced 
block designs of the Design of Experiments^ (1943) as 
derivable from difference sets given by Bose* (1939). • 

(2) By using the properties of the t dimensional 
geometries PG (i, m) and EG (f, w), where tn is a 
prime or prime power, the above theorems have been 
extended and their utility in the compact represen- 
tation of PG (i, m) and KG {t, m) and the incomplete 
block designs derived from them have been studied. 

(3) Theorem i. Given an integer (p is 

a prime) it is possible to find fc=(tn* -i)/(m-T) 
integers 

do, di dk- 1 


Theorem jj. Given an integer (p is a 

prime) it is possible to find integers 


do, di, dk«i 

such that the differences di-dj (t •¥]) reduced modulo 
v=(w*“i) contain all integers less than v and not 
divisible by ze;=(m*' -i)/(m-i), A=m^* times 
each. The difference set, in this case, is obtained 
from the powers of x, the primitive element of GF 
(m*) obtained from the expression (ao+a, 2;+. . . . 
+ ai_i 3c*”^) by allowing the a’s to assume all jws- 
sible values of GF (m) subject to the restriction 
Sa=i. The geometry EG {t, m) can be represented 
by the alx^ve difference set and the set of integers 
obtained from the powers of x given by the expres- 
sion (a© +«! 2; + Oa + . . . dt-jac^"*) by allowing the 
a*s to assume all possible values of GP (m) together 
with a symbol oc which remains invariant under any 
addition of the elements of the modul to it. These 
theorems also give the compact representation of the 
balanced incomplete block designs defined by v, k 
and A given abotve. For example the €orres])onding 
sets in the cases f=3, m—2 and 4=3, m=3 are given 
by 


o, I, 
5, 


6. 3 1 7) 


and 


o, 1, 2, 8, II, 18, 20, 22, 23 
, o, I, 3, 9, 13, 14, 16 22 


I (mod 26) 


(4) The theorems, given .above, supply the re- 
sults of Singer and Bose when 4=2 and hence consti- 
tute suitable extensions. The detailed proofs of these 
theorems together with some examples will be given 
in a full paper to be published elsewhere. 


C. R\dhakrishna Rao 


Statistical laboratory, 
Calcutta, 25-4-1944. 


such that the k{k’-i) differences di -dj (i+ j) reduc- 
ed modulo v=(m’"^-T)/(m— i) contain each of the 
integers less than v, ^>=^m^^ — i)/(w-i) times. 
The method of obtaining the difference set is as 
follows. If X is a primitive element of the Galios 
field GF (m‘’*‘*) and if we do not distinguish between 
and px9 where p is an element of GF (m), then 
there are v distinct powers of x, 2;®, x* , . . . x^-lin 
GF (ni'*’’'*). The difference set is given by the dis- 
tinct powers of the 2s’s obtained from the expression 
aox®+fli «*+ r. . +at_i2;^^) by allowing the a’s 
to assume all possible values of GF (wf). For example, 
the difference sets in the cases, 4=3, w‘=2 and 4=3, 
w=3 are given by 

If 2, 7 , 9 , 12, 13 (mod IS) 
and 

I, 2, 5, 12, 18, 23 , 34, 36, 37, 29, 32, 33 (mod 40) 
8 


' Singer, Trans. Am. Math. Soc., 43, 377-85, 1938. 

* Dose, Ind. Jour, of Math., 2, 15, 1943. 

* Fisher and Yales, "Stat. Tables”, p. 15, 1943. 

* Bose, Ann. of Eugen., 9, 353>-399, 1939. 


PREPARATION OF VIOPORM FROM 841YDROXY. 

QUINOLINE 

ViopoRM (5-chloro-7-iodo-8-hydroxy-quinoline) is 
now used as a powerful antidysjsnteric rem^y. 
8-hydroxyquinoline is the starting material for thQ 
preparation of Chinosot and Yatren, both of which 
are useful antiseptics. 



58 


SCIBNCB AND CULTURE 


VoL X, No. 1 


In order to obtain vioform directly from 8- 
hydroxyquinoline, the action of iodine trichloride on 
8-hydroxyquinoline has been tried in different organic 
solvents (acetic acid, alcohol, chloroform, carbon 
tetrachloride) under various conditions. In each 
case, a mixture of vioform (m.p. 177-178°) and 5 17- 
di-iodo-8-hydroxyquinoline' (m.p. 200-201^) has been* 
invariably obtained, and from this mixture vioform 
has been separated by treatment with chloroform in 
which it is much more soluble than the di-iodo 
compound, or by fractional crystallisations from 
acetic acid. 

The formation of vioform in the above reaction 
suggested the introduction of chlorine and iodine 
atoms into 8-h:^droxyquinoline in two stages, so as to 
yield vioform finally. But, the chlorination (by 
chlorine gas) or iodination (by iodine or iodine mono- 
chloride) of 8-hydroxyquinoline has yielded the cor- 
responding 5 : 7-dichloro- (m.p. 178-179^) or 5:7-di- 
iodo-derivative. 

S. L. Laskkr 

T. N. Ghosh 

Bengal Immunity Research Laboratory, 

Cal<jatta, 

a-5-1944. 

* Papesch and Burtner, /. Atner. Chem. Soc., 58, 1314, 1936. 


HISTOPATHOLOGY OF BETEL VINE LEAVES 
ATTACKED BY A BACTERIUM 

Thr writer published a short note* on a bacterial 
disease of the cut betel vine leaves in storage. The 
work has been in progress since then and the histo- 
pathology has now been fully worked out. Though 
the betel vine is subject to a number of fungal and a 
few bacterial diseases, this disease of the betel vine 
leaves has not so far been reported from anywhere 
else. Ragunathan** ’ has described a bacterial disease 
of the betel vines in the field, which, however, is 
quite different from the present one. 

This disease as was pointed out generally starts 
at the cut end of the petiole which affords a very 
suitable place for the entrance of the bacterium, 
though occasionally the disease may begin at any 
place on the lamina leading to the formation of loca- 
lised brown or black spots. The progress of the 
disease is more or less similar in all cas^. To begin 
with, water soaked area appears and this is followed 
by browning and later by blackening along the veins. 
In the earlier stages of the disease, the bacteria in* 


vade phloem tissues which being very rich in stored 
materials afford excellent source of nutrition to the 
parasite. Though the bacteria fiom the point of in- 
fection spread out in all directions, the progress, how- 
ever, is most rapid along the phloem, with the result 
that sometimes in the course of a few hours, the 
phloem along a considerable length of the petiole, 
midrib and the veins, becomes completely destroyed. 
This can be seen by the naked eye since the dorsal 
part of the midrib and some of the veins in the earlier 
stage of the infection becomes soft and pulpy. The 
disease now advances from the phloem to the xylem 
vessels and through these or most probably directly, 
to the mesophyll cells. The phloem elements now 
become dead and disorganised and the xylem vessels 
are now packed with bacteria. In a number of pre- 
parations the bacteria were seen filling the xylem 
vessels and the cells of the mesophylls. This indi- 
cates that the spread of the disease to the xylem and 
mesophyll takes place more or less simultaneously. 
Prom the cells of the mesophyll the bacteria get into 
the intercellular spaces and finally the mesophyll cells 
are killed and disorganised. 

The writer is indebted to Prof. H. Chaudhuri of 
the Punjab University for kindly going through the 
manuscript and making some useful suggestions. 

College of Science, 

Nagpur, 5-5-1944. R. L. NiRirF.A 

’ Nirnla, R., Proc, Ind. Sc. Congr., 1931. 

‘•'Raganatnan, C., Ceylon Deptt. Agric. Leaflet 39, 1926; 

Ann. Roy. Botanic Garden, Peradiniya, 1928. 


A PRELIMINARY NOTE ON THE MICROFLORAL 
CORRELATIONS OF SATPUKHURIYA, GHUSICK 
AND ASSOCIATED SEAMS 

In r'^oent years there has been a sharp contro- 
versy about the proper correlation of Satpukhuriya, 
Ohusick and some other associated seams of the 
Raniganj coal fields.** *» * This portion of the field 
is variously disturbed by cross-faults, dykes etc. 
Hence, correct correlation from stratigraphical data 
has become difficult. So it is necessary to approach 
the problem from altogether a different point of view. 
The recent development of the study of microfossils 
in the correlation of coal seams in England and 
America has been found to be very hdpfut in the 
solution of the present anomaly. 

A large number of samples from Ohusick, 
Kushadanga and Nega seams on. the eastern side of 
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the Bonbishtopore-Mohshilla croes-fault, and upper 
Dhadka, Satpukhuriya and lower Dhadka seams on 
its other side were anal3rsed following Raistrick and 
Simpson’s method^ modified. The spores and cuticles 
were artificially classified into several formed types 
and sub-types. Occurrence of each spore type is ex- 
pressed in percentage and only the dominant types 
are represented graphically in a general spore dia- 
gram. Only one typical spore diagram from each 
seam is given in the correlation chart (fig. i). 



ABCCiAiDE ABCGAiDE ABC CAiDE ABC GADE ABC GAiDE 

SflPUKURW CHUSICK LOWIROHAOKA KUSHADWO NCCA 


Fig. 1. Graphical representations of the spore contents 
of five coal seams in the Raniganj coalfield. A-E, the 
types of spore whose frequencies are represented by 
the heights of the black columns. 

In a particular seam some general spore types 
(A, B and D) show a constant frequency of occur- 
rence, which is, however, different from seam to 
seam. But the rest are present in more or less same 
proportion in all the scams examined. Hence, the 
latter group of spores may not be of much correlative 
value. Without entering into the details of correla- 
tion the author likes to point out that the spore 
diagrams of Ghusick and Kushadanga resemble those 
of Satpukhuriya and lower Dhadka respectively. 
Nega resembles none. There are, however, some 
f)oints of difference between the spore diagrams of 
(Ihiisick and Satpukhuriya. The following correla- 
tions are provisionally suggested: — 

(1) Ghusick and Satpukhuriya. 

(2) Kushadanga and Lower Dhadka. 

(3) Nega. 

Studies on rare type spores (used as zone fossils) 
and cuticular structures tend to confirm the above 
correlations. 

The details of correlation and points of palaeo- 
l^otanical interest of the work together with descrip- 
tions and drawings of spores etc. will be published 
elsewhere later on. 

My thanks are due to Mr N. N. Chatterjee, 
Geology Department, Calcutta University, Mr M. M. 
Mukherjee, General Manager, Martin & Co.’s Colli- 
eries and several other colliery officials, who have 
facilitated the work by helping me in obtaining the 
material, Mr A. K, Ghosh of the Botany Department, 


Calcutta University, for helpful criticism and advice 
and Prof. S. P. Agharkar, head of the Department of 
Botany, Calcutta University for giving laboratory 
facilities. 

JiTBNDRA Kumar Shn 

Palaeobotanical Section, 

Botanical Laboratory, 

University of Calcutta. 

Calcutta, 11-5-1944. 

> Gee. E. R., Mem. Geol. Sur. Ind., 61, 256, 1932. 

” Mukherjee, M. M., Trans. Min. Geol. and Met. Inst., 
India, 35, part 3. 314, 1939. 

* Mukherjee, M.M., Ibid., 38, part 1, 29, 1942. 

* Raistrick, A. and Siinpscm, J., Trans. Inst. Min. Engin- 

eers, 85, 22S, 1932. 


SYNTHESIS OF ATEBRIN 

I find in an article entitled “Malaria— from the 
treatment point of view** by Dr K. V. Krishnan 
in the August number ( 1943 ) of the Scikncr and 
CubTURR that he refers to the s3mthesis of a sub- 
stitute of Atebrin by Sir U. N. Brahmachari called 
“Acridine X**. This reference is probably taken 
from Sir U. N. Brahniachari’s Presidential address 
to the Medical Section of the Indian Science 
Congress at Calcutta in 1938. No paper seems, 
however, to have been published by Dr Brahma- 
chari in subsequent years cither on the synthesis 
of this substitute or its pharmacological and clini- 
cal tests. It may on the other hand be pointed 
out that quite a number of papers have been pub- 
lished on this subject by other authors in 
India“ *’ ®* ** * which have completely established the 
identity of the product and its therapeutic value. 
Several Indian firms, in fact, are manufacturing 
this product on the basis of this work and the limi- 
tation is only that of raw materials. It would have 
been desirable if Dr Krishnan had made some suit- 
able reference to these detailed published papers 
and thus given credit where credit was due. 

H. O. Biswa.s 

Research Laboratory, 

Bengal Chemical & Pharmaceutical Works Ltd. 
Calcutta, 17-5-1944. 

^ S. J. Das Gupta and U. P. Basu, SCXBNCB and CubXUM, 2, 
585, 654, 1937. 

*S. J. Das Gupta and U. P. Basu, /. Ind. Chem. Soc., 14, 
468, 1937; 15, 160, 1938; 16, 100. 1939. 

*S. J. Das Gupta. /. Ind. Chem. Soc., 20, 1937, 1943. 

* B. M. Das Gupta and L. B. Siddons, Ind. Med. Gaz., 78, 

42, 141, 291, 1943. 

* U. P. Basu and A. N. Bose, Ann. Biochem. Emb. Med., I, 

317, 1941. 
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ESTIMATION OF CARBON IN COAL BY THE 
CHROMIC ACID REDUCTION SIETHOD 

Estimation of carbon in coal is carried out by 
the Standard Furnace Combustion Method but for the 
routine analytical work this method is a long and 
laborious one although the results obtained are accu- 
rate. It has been found that the Chromic Acid Re- 
duction Method as modified by Allison^ can be 
successfully extended to the estimation of carbon in 
coal for the routine analytical work. This method is 
a very rapid one and can be done within 20 minutes. 
When compared with Standard Furnace Combustion 
Method, the percentage recovery of carbon is 9o'9o% 
jind by the use of a Factor I'lo almost identical re- 
sults may be obtained. 

Briefly stated, the Chromic Acid Reduction 
Method consists in oxidising the organic carbon in a 
small sample of coal (passed through 100 mesh seive) 


with a known quantity of N Potassium Dichromatc 
in cone. Sulphuric Acid by raising the temperature 
i75^C in go seconds. Then the extent of reduction 
is measured by titration with Ferrous Ammonium 
Sulphate using Diphenylamine as indicator. 

The details of the paper will be published else- 
where. 

S. C. Chakrabaxty 
R. K. Dutt Roy 

Chemical Laboratory, 

Geological Survey of India, 

Calcutta, 

30-5-ig44. 

'Allison, L. F., Son Science, 40. All, 1935. 
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INDIA’S NEED FOR POWER-DEVELOPMENT* 


R modern at'C is fiindameiilally diflViviit from 
medieval times, and there are many ways of 
dcserihiiiS' the difl'erciiee. We sometimes sa>; that 
we are in the a^e of steam or cleelrieity. Another 
writer describes the modern aj>:c as ‘neotechnic* (pro- 
<liictioii ill factories by industrialists with the aid of 
laiMje machineries) as distin^^uished from ‘paleo- 
leelinic* (pnxluction in cottages by artisans working 
with small tools). The third definition, tlioni^h 
accurate, is pedantic. But probably iiothinj> liriiijrs 
out the cliaracteristic difference so vividly as the 
“Knerfiy-Index** — by which tcriii we mean the out- 
put of everjKy or u'ork per capita of the population 
per year from all sources. Probably it will surjwise 
some of our readers to learn that the eiiei'jLiy-index'l’ 
ill medieval times was not more than So, while in 
modern times it is nearly :jooo in a moderately 
advimeed country and in the iieiKhboniiiood of .^ooo 
ill some of the so-aliead countries like I'. »S. A. or 
Canada. 

What do these fij^nres indicate? It shows that 
an average citi'/cn f)f an advanced country, like 
Sweden, is today nearly ,15 times richer than he was 
in niedieval times, for wealth is directly proportional 

* Bused on a lecture dolivered by Prof. 31. N. .*^alia before 
the Calcutta Rotary Chib on July io, 1944. 

t Note for the non-tecliiiical reader : The ‘unit of 
niarfiy’ used here is the ‘kilowatt-liour’ l.e.. the work done 
j>y _a luachiiie having a |iower of one kilowatt for one hour. 
I'his is equal to one and oiic-tliird liorse-tw^wer hour. Tlu* 
i»an-p()>Yer hour is just one tenth of one hnrse-|)ower hour 
an average adult working for R hours produces only 
6/TOth of a unit (kilowatt-hour). The price of a kw. hr. 
niarged hy an electrical power company for industrial u.sc 
's al.Kiiit an anna, so that a man working for 8 hours din s 
"ork, whose normal value is 2yj pice. But gejierally man’s 
even if it be entirely manual, is intelligent, hence 
the value is higher. For very uiiiiitelligeiii or niechaiiical 
like spimiiiig or digging or jlrawiiig water the rating 
''■”1 be lower, say at twice the minimum. 


to the output of work. True, the total national 
wealth in most countries is not etpiitably distributed, 
but that is a dilTereiit topic. If the country as a 
whole gets richer everybody shares in the 1>cnefit, 
though there is no denying the fact Uiat an equitable 
distribution is far more beneficial and desirable. But 
the tiueslion at any rate is of secondary importance, 
for iiidc.ss then* be production there would be nothing 
to distribute. Countries, like Iran or China, which 
have till recently clung to medievalism, can never 
allain in spite of the traditions of a great past, or 
prevalence of saints or wise men, the prosperity, or 
material hai>piness f)f modern Sweden. 

ITow has this profound revolution been brought 
about? 

Ill medieval times, work was done almost en- 
tirely by manual labour aided by animal power 
(cattle and horse) and to a small extent by powers 
of nature (wind power or water power as used in 
water wheels first invented in Iran). In modern 
times work is done by power derived from coal 
(steam engines) and oil (oil engines) and by electri- 
city generated from coal (thermal stations), oil 
(Biesel engine) or water power (hydro-electricity). 
For a country it is now^ possible to calculate, almost 
with mathematical precision, the whole amount of 
energy oiilpiil from coal or oil consumed for this 
imriiose, or from the records of electrical power coni- 
liaiiies. The total energy output divided by the 
po])ulaliou gives us the “Riiergy-Indcx.*’ 

Countries, like Sweden and Switzerland, which 
have very little coal and oil have to depend on elec- 
trical power generated almo.st entirely from water. 
In 19.12, Sweden’s output of work i)er capita per 
year was nearly 1700 units. In a country where 
steam power is very largely used, such as Rngland, 
calculalious are more difficult to carry out. In 193S, 
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the iicr capita electrical energy derived from 
coal was 650 in England. The per capita energy 
derived from steam and other sources has been cal- 
culated to be about 1400 units (this figure is given 
with a certain amount of reserve) so that tlie energy 
index for the U. K. amounted to about 2100 units. 
The figures for Canada and U. S. A. are higher, 
pro])ably in the neighbourhood of 3000 units. The 
U. S. A. and Canada have enormous resources of 
water power and have developed a very large per- 
cenlagc of that, with the result that they are now 
ahead of the whole? world in the production of work 
and in material prosperity. 

Where do man j^ower and animal i)ower come 
in this picture? A man’s output of work in 
the whole wording year of 300 days is only 
't)X 3oo=iSo units, and since we have to leave out 
old men, children, most of women and the idle rich 
for purposes of productive work, we can take the 
active worker as one in three. The average aiintinl 
output by man power is therefore only 60. ’I'he output 
from animal power could not have been more than 20, 
so that ill medieval times, the energy-index could 
not liavc liccn larger than 80. The output of work 
by mall’s physical exertions can now be entirely 
neglected in comparison to the encrg.y oulimt from 
other sources ; his work is now mainly directive. 

If we arrange the countries of the World 
according to the energy-index, at the bottom 
amongst the countries which claim to be civi- 
lized would be found India and China, and pre- 
Rolshcvik Russia whose position in igi8 was no 
better than that of India in 1Q44. India’s energy- 
index in 1944 cannot be innch larger than 
go units even on the most liberal cslimatc ; 
this is made up of 60 units derived from manual 
labour, 15 from animals, 9 from electricity in 1942, 
(the total pnKluclioii was 3500 iiiillion units) and 
about JO units from steam and oil— the exact figures 
being not available. So the energy-index cannot be 
larger than 90 units, as against the Kuro-American 
figure of 2000 or more. 

The average annual income of an Tnclian was 
calculated by the National Planning Committee to 
be Rs. 65. The average income of a Swedish was 
about iSoo Kroners in 1938, or about Rs. 1300. He 
carn.s 20 limes more than an Indian. 1 'hc reason is 
quite clear ; he uses about 20 times more energy. 
Ill fact wc can assume that the average income of 
the citizen of any country from all sources would Ikj 
directly proportional to the energy-index. 

Wc can imt the facts in more figurative 
language. In Europe and America forces of nature 
have been harnessed so effectively that an European 
or an American has literally 10—15 slaves working 


constantly for him. In India, the number is rj^, 
one being bimsclf and % derived from the harnessing 
of forces of nature and from animal power. We may 
:iay that in India the energy output is ecpiivalenl to 
rj'« slaves, of which i is the man himself and % 
derived from other .sources. This is probably just 
equal to half a donkey-power. 

I'TIIJZATION OF EnUROV 

How is tlie large amount of energy utilized in 
Europe and America? A .substantial fraction is 
utilized ill com muni cation and transport which in- 
clude rail and road travel, telegraphy, telephony, 
navigation, air travel, and radio and for domestic 
IrtiriMiscs ; Imt the larger fraction is utilized in pru- 
ducing fertiliz.ers, both phospliatic and nitrogenous, 
which have increased the iiroductivity of the soil 
nearly four times ; in extracting metals from ores 
producing alloys and chemicals, both heavy and 
fine, textiles, machinery, engineering goods, and 
miscellaneous consumers’ goods and in the processing 
of forest products (wood and chemical jmlp used for 
the inannfactiire of paper and rayon). 

It is this large production witli the helj» »»f 
natural power which has enabled men in ad 
vanced countries to attain a standard of living far 
beyond the dreams of medieval philosophers, a fact 
which is reflected by the rise in average longevity 
from 25 in about 1870 to over 55 in 1938 in Europe 
aful America.* This is the result of better food, 
shelter and better conditions of imblic health rendered 
]>osbiblc by greater wealth. Let us contrast condi- 
tions of public health in tlie two ages. 

Pujij.ic Hhai/ih i \ xMoohrx an!> MKj:)n{VAi, 

Tim ' cs Cont r a st»c d 

It could be said that the child-bearing and cliild- 
ImrA'ing were the chief occui)alions of women in tin? 
medieval age. Queen Anne of England lost all lur 
fourlce'ti children due to diseases which arc now 
consitleicd preventable ; if any labourer’s family at 
the present times has to suffer a fraction of llio 
child mortality suffered by Queen Anne, ])robably 
the Ministry of Health would not last for two days. 
Conditions of public health, which are directly con- 
nected to income, are in India only slightly better 
than what it was in England in Queen Anne’s time. 
We arc told that there was no domestic running 
water in those days^ Queen Elizabeth could afford 
only two baths in the month, and that was con- 
sidered a luxury (Westaway : The Endless Quest). 
Probably, even the poorest man in England now 
takes at least 8 baths in the month. 

• According to a rept>rt in Science, Muy 19, 1944, ll)r 
longevitv in the U. S. A. reached a peak of 64*82 years m 
1942. 



August, 1944 


India's ni-;hd kor rowKR-DKvia^opMi-NT 


()3 


Tt is known to cveryboily that go per cent, 
of the people of India still lives in the sixtceiilh 
century,— a life of chronic niahiulrilioii aniountiiiM 
ill limes to famine, disease and indescribable wretch- 
edness. The amenities of modern life are available 
only to a small fraction of pcojde living; in the cities. 
Vet India has all the resources in iiower and mate- 
rials which, if they were prot)erly exploited, could 
raise her to the standard of the average Iuiroi)ean 
countries. The paradox is, as Dr Vera Anstcy 
succinctly i»uts it, that the soil of India is extremely 
rich, but her fieojile is extremely poor. 

In the past, there has l)ecii nuich loose thinking 
regarding the methods by which the material con- 
dition of the average Indian can be imijroved, but 
it is only recently that there has been some objec- 
tive thinking. The first step towards this was taken 
by the National rianning Committee of the Indian 
National Congress which sat during the years 1939 
to 1941 at Ikmibay under the Chairiiianshii> of Ft. 
Jawaharlal Nelini. It is pleasing to note tliat the 
Committee in its work secnreil ready and helpful co- 
operation from the Provineial (Governments includ- 
ing those, like lleiigal, which were not run by 
Congress Ministry. This shows the popularity of 
the idea of national plamiing. The Committee found 
that if the material condition of the average Indian 
were to be sul)stantially raised within the next ten 
years, her production, of energy should be raised by 
/lo,uoo million units per year (above the pre- 
sent figure). This may sound to ]>e a very 
large figure, but a little reflection will show that the 
estimate is extremely modest. h!ven Mexico which 
is considered to be a rather backw’anl country pro- 
duces 180 units of electrical energy per capita per 
year contrasted to India’s nine in spile of the 
chronic revolutions for which she had accpiircd 
a notoriety. The National Planning Committee’s 
11 g lire gives only too units per head, which is i/^oth 
of the i)er capita production in the U. S. A. 

This energy can be generated by burning 20 
milliim tons of CT)al, but India is markedly 
deficient in coal, and as an exhaustible national 
resource on which many essential needs of the 
nation dc])end it .should be conserved for other 
purposes as far as practicable. ^ It is desirable that 
most of this energy should come from eleclricily 
derived from hydro-electric sources* which exist in 


* India's liydel power resources were estimated or 
rather guessed by Mears in 1922 to be 20 niillion kilowatts, 
so that even on this e.stiiiiate up to this lime, barely 1 per 
‘■ynt. of the re,sourccs lias been li.'irnessed. But Clears' 
ligure is most probably glaring uiulercstiination, for he w.'is 
Jiskfd to do tlung.s hurriedly and lie had neither the time, 
nor the proper resource to make an accurate survey. A 
parallel is afforded by Soviet Russia which before 1918 was 
reported to have hydel power resources amounting to 20 
nTillioii kilowatts; Imt accurate survey carried out by the 


plenty. Further only a small part of India has coal ; 
other parts, such as the Punjab, Bombay and the 
whole of South India, have to depend oil loiigiiaul 
coal. It is not only desirable, but almost impera- 
tive that the water power resources of these iiarts 
he properly developed. The hydro-electric survey 
coiniiiission should now be revived, if we really wish 
to pass out of the iire.seiit axis combination of 
poverty, disease and malnutrition. 

In tile reforms of 1933, development of electrical 
jiowcr was made a ‘Provincial Obligation*. The 
(Government of India thus divested itself by one 
stroke of pen of one of the most important obliga- 
tions of Central (Governments of all countries, and 
the befuddled Provincial CGovenimeiits mostly talked 
vociferously about iiidustriaU7.atioii which sometimes 
in their minds was identical with the manufacture of 
tooth-pastes and inatchslicks without achieving any- 
thing, and w’ith one or two exceptions did iiractically 
nothing useful. 

We tiini to a pleasant picture afforded by the 
I)rogressivc vStalc of Mysore. Kveii before the first 
World War, the Alysorc State, thanks to the far- 
sightedness of Dewan Slieshadri Iyer, had harnessed 
the Caiivery falls at Sliivasamndram, and after the 
World W^ar, the w«jrk was finthcr extended during 
the regime of Sir M. Visvesvaraya leading to an in- 
slalle<l capacity of 48,000 kw., and production of 
nearly 300 million units of electrical energy. This 
gave the average of Mysorean nearly 50 units per 
capita. Ivnconraged by this success, the Mysore 
(Government during the regime of vSir .Mir/,a Ismail 
launched another great ja'oject calling for an expen- 
diture of rupees seven crores for harnessing the 
waters of the Jog h'all in tlie Western (Ghats. This 
is calculated b) proiliice an in.stalled capacity of 
120,000 kilowatts, wbicli is expected to yield nearly 
720 million units, so that when ihe.se iiistallatioii.s are 
in full working tbc production of electrical energy 
in the Mysore State would be nearly 200 per caiiita, 
or nearly double of the figure contemplated by us 
for the rest of India. 

Amongst the provincest, Bombay has shown the 
greatest amount of progress due to tlie enterprise of 
the ’I'atas who inslalled three power projects in the 
Western (Ghats and thus ensured power-supply to 

Soviois showed that tlu- figure was 280 million kilowatts or 
14 times liiglier. Afer tlie last War the (loveriiineiit of 
India had a plan for largeseale developiiieiil of hyilel power 
in India, but ibis was dropped in 1923. 

t The development of electric power in India has taken 
place mainly tlirougli three different types of projects, 
tumely (1) (iovenimeiit or Slate projects, such a.s the U. 1*. 
('aiigcs scheme, the Punjab (Government's Muiidi scheme, 
the My.sore (;overiimc*nt*s Sliivas.'nmidram and the Mtidras 
(Guveriiincnt's Pykara schemes; (2) the schemes undertaken 
by the great joint-stock concerns, such as the 'J'ata Ilydro- 
eicclric scheme, the .\ndhra valley scheiiic etc.; and (3) 
small projects for thermal stations undertaken and operated 
by a host of private companies all over India. 
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the industries of Bombay. After 1 Bombay conics 
Madras in iiii])ortaiicc, wliich province diirinjn 
the Congress regime has also made signifi- 
cant progress in the development of power 
through the initiation of .such projects as the 
Pykara Scheme. The Punjab and the United 
Provinces had had some very unfortunate ex- 
perience with their schemes of hydcl development. 
But the experience, though sad, had at least some 
educative value, for the Punjab has become alive to 
the needs of power development and is reported to 
have embarked on some very ambitious projects 
planned by her own engineers in the Sutlej and other 
river valleys. These works, when completed, are ex- 
pected to yield nearly 2000 million units, i.et us 
hope that the past mistakes would not be repeated. 

In India, we have many poiniloiis river valleys 
which are subject to violent floods and which, on 
account of thoughtless handling in the past, liave 
gone down in prosperity and public health. The 
most glaring examples are the Dainodar Valley in 
Bengal and the Mahaiiadi Valley which is practically 
the whole of Orissa. How these rivers can be turned 
into beneficial agencies is afforded by the example 
of the Tennessee Valley in the U. S. A. This area, 
comprising about 40,000 sejuare miles was going 
down continuously, and in 1931, it was estimated 
that for a large i»art the income had dwindled to 100 
dollars per capita in the year. In 19331 due to the 
personal initiative of President Roosevelt, the 
Tennessee Valley Authority (shortly called TV A) 
was created and within ten years the whole face of 
the country has been changed. The core of the 
whole work has been the construction of about 20 
multipurpose dams built for flood prevention, irriga- 
tion and soil conservation, navigation and power 
generation. In 1943 according to the annual report 
of the Authority 9000 million units of electricity have 
been generated, (a summary of the report appears 
elsewhere in this issue), and about a stretch of 650 
miles of the river had been rendered navigable. 
Agriculture and industry have been in a flourishing 
state. Jacks and Whyte put it: 

“Nature and vested interests turned a virgin country 
into a wilderness ; but nature and man have again cuiiibined 
to make it a smiling garden”. 

It has been shown that the Dainodar River Valley 
which is now notorious for its floods and malaria can 
be treated in the same way as the Tennessee and be 
turned into a beneficial agency yielding nearly 1,200 
million units of hydel energy. Other valleys wliich 
can be treated in a similar way are the Mahanadi 
in Orissa, the Son and its tributaries in U. P., the 
Sutlej and otl\gr rivers in the Punjab, and the Koyna 
Valley in the Southern Bombay Presidency. In fact, 
if a plan of exiiansioii is decided on, we do not see 
why India should not produce 200 units of electri- 
cal energy r>er capita within the next ten years. 


We have tried to imi)rcss uium the reader the 
basic fact that the root cause of poverty of India is 
the hopelessly inadc(iiiatc use of natural power. This 
is self-evident. Because, wealth can only be created 
by doing work. And, the work necessary for creat- 
ing wealth of amount ajiproachiiig that of tl;c 
western countries cannot be done by man and animal 
power alone as is often held in this country. 
India must, therefore, develop and utilize to 
a vastly greater extent her natural power resources 
than she has been doing till now. Lenin, the 
Father of new Russia, reali/ed the supreme necessity 
of developing power. One of his first acts on assump- 
tion of power was the appointment of a commission 
under Prof. Krzhi/.hanov.sky to enquire into 
the power resources of the country. In fact, Russia 
began the development of power long before she 
launched her Five Year Plans. The Great Dnieper 
I>am was nearing completion when she started her 
First Five Year Plan in 1928. It is, therefore, im- 
perative that the Central Government should at once 
set up a committee to make a thorough survey of 
the power resources of the country as a whole and 
establish suitable educational institutions to train a 
proper personnel. The survey is of basic imiwrlaiici' 
and should be started immediately without waiting 
for the full formulation of the reconstruction plans. 

The present global war has ruthlessly destroyed 
the normal tenor of life in every country by bringing 
ruin, desolation and disaster on an unprecedented 
scale. Out of these travails humanity is eagerly ex- 
pecting the bfrlh of a new age, — an age which will 
u.sher security and. good living for the common man 
and good will and co-operation amongst the different 
nations. This has been the dream of founders of 
religions and of idiilosophers ; but in the past ages 
all altruistic philosophy has been negatived liy severe 
limitations on the powers of man to obtain sufficient 
material (food, clothing, shelter, ami other essential 
necessities of life) out of J^lolhcr Barth, which will 
provide ]>lenty for all. The result has been I lie 
robbing and the enslavement of the weak by the 
.strong all over the world and in all ages, and the 
situation thus created still continues. But the 
scientific discoveries of the jiast and present centuries 
have so far increased^nan’s power over Nature tiiat 
production of all essential commodities can now be 
nmlliplied many times leaving a margin of plenty 
for all. Though the potentiality of development is 
apparent to the scientific man, those who rule are 
still obsessed by the lust for power, domination and 
exploitation of weaker peoples. 

Would India enter on a period of planned 
development and prosperity, or would all the mis- 
takes which were committed after the first World 
War b e repeated? 
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ON MISGIVINGS ABOUT SCIENCE AND SCIENTIFIC 
RESEARCH IN INDIA 

Ilirn-MNDRA NATTT IMUKIIOPADH YA VA 


‘*T^E do oiir best when we work under nr»;ent 
stress’* — tile cingrani, if true, would by 
itnplicatioii put all of us on the level of the naughty 
child who refuses to work unless threatened by the 
“rod”. Or, perhaps- the epij>ram raises Newltin’s 
conception of “the external force” from the jOiysical 
to the psychological world. That an external force 
is often necessary to break through our inertia is 
abundantly proven by the incidents of Xarvik and 
Dunkirk. Whatever may be the psychological im- 
plications or philosophic l.»ackground of such a con- 
tention, humanity marches forward through struggle. 

The establishment of the Hoard of Scientific and 
Industrial Research in April, Tq.>to is only a reminder 
that India has entered within the threshold of a hard, 
long struggle. The Board has so far more than jusii- 
tied its existence ami will no doubt continue, with 
other sciciitilic and industrial research organizations, 
to render invaluable services to tbe coinimiiiity during 
the war period. But wbal eoneerns the tliinkiug 
Iki'son of today most is llie coming post-war period 
of still harder struggle, especially for us in India. 
It is easy to grasp the war-aim ; even the ])olilicians 
of the world have grasped it : they say that tlieir 
war-aim is to beat tbe eiiLMuy. I do not tbuik any- 
body would seriously doubt their sinceritx' — it would 
he rather strange if people should fight witli a view 
t«) let their enemy win ! What the politicians cannot 
grasp or cannot agree upon is the i)eaee-aini. It is 
(lifiicult to grasp not only because it is fundamental 
(fundamental llungs are often the most difficult 
tilings to grasii), but because it is not yet the .same 
for all peoples. For the peofde of India the problem 
is straightforward enough. Our priiicijde has always 
been “to live and let live” and there cannot bo any 
deviation from this golden rule. Onr first and fore- 
most duty is therefore to feed, clothe, and house our 
people ; and the scientists must do their utmost to 
secure these essentials. Sonic of onr younger gene- 
ration — the progressive thinkers— may lie thinking in 
terms of internationalism ; but it must at all cost be 
realized that national weakness docs not contribute to 
international strenglli. The stnpendons energy of the 
F- S. S. R., which held the avalanche of blitzkrieg, 
is hut the galvanized strength of the highly developed 
individual autonomous States. 

“The aim of every post-war recoiistruclioii in 
^ndia”, said Sir J. C. Ghosh in his opening address 

the occasion of the Syiiiposiuni on Post-war Orga- 
nization of Scientific Research in India, “should be 


ihe removal of these two weaknesses ‘A low 

national ineoiiie and limited indii.slrial devekipinent*. 
And we are met together today to discuss how science 
slionld be organized in India so that this object may 
be achieved.” This is a clear statement of llic aim 
of the scientists in po.si-war India ; and there is no 
cogent reason — moral, ethical, economic or political 
- why science should not be pushed forward to 
achieve this end. There, however, Si^enis to ])e, as 
liointed out by Sir Jnan at least two schools of 
Ihoiight ill the country who view any i)rospect of 
scienlilic and induslrial research with apprehension. 
Sir Jnan would have been more effective in putting 
forward the case for the scientists had he, instead of 
trying to persuade his opponents into his belief, 
]>oiiited out the fallacies of their process of thinking. 
Firstly, there are those who do not favour scientific 
research or indnstrializalion in India bccuiise of their 
disgust of the aecompaiiying evils they have witnessed 
in the W'est ; and secondly, those wlm favour indus- 
trial development but consider scientific research for 
this puriKise to be unnecessary they think that by 
importing foreign machinery and exiicrls we can 
develop our industries ; “Hiey are iu favour of pro- 
viding .such technical education in the country which 
will enable the industry to be run by iiidigenuus 
talent after a period of ]m)batioii under foreign ex- 
perts.” 

I should like to deal with the seeoiid opi>osing 
thought first ; a.s the consideration of the first would 
involve graver and more fiuulaniental issues. 

Those of ns wlio lielievc lliat we can juofitably 
employ and utilize llie results of foreign research in 
onr iiiduslry are not only thinking in terms of para- 
sitic existence but also in terms of permanent eco- 
nomic dependence and political servitude. The cbief 
error of this type of thinking lies in the failure to 
realize two basic facts of our modern world, lii the 
first i»lace, we are living in a highly dynamic world 
where everything is changing, and changing fa.st ; 
the ancient sword has given idacc to the modern 
gun ; the modern Hurricane is now making room for 
the iillra-modcni jet-propelled aircraft ; and the time- 
honoured peaceful occupation of growing paddy and 
|x)talo in the field is now a “home front” ! Yester- 
day is being outdated by today, and tinlay by to- 
inorn) v, at a .speed unknown in luiinan history. 
Secondly, side by .side with this tremendous change 
is the tendency of our world to get progressively 
smaller in the sen.se that its inhabitants are being 
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hrouKht closer toRcllier. So, what one docs now in 
one corner of the world is hound to have repercussions 
in all four corners. When science has abolished 
natural barriers between people and pe(»ple, and 
country and country, what chance is there for our 
artificial barriers to survive? We must adapt our- 
selves to the changiTig circumstances of the day in 
the light of facts or else perish. If we, therefore, 
dispense with research and depend on others for our 
industrial develoiiincnt we shall not only live under 
conditions that were good only in the out-dated past, 
but advances made elsewhere are bound directly to 
affect our industries with adver.se conseiiuences. We 
shall keci) on importing foreign machinery and foreign 
experts ad infinitum only to find ourselves perma- 
nently settled in the degenerating i)ast. 

On the other hand, the oinnion of those of us 
who, to quote Sir J. C. Mhosh again, “have been so 
impressed by the evils of the modern world, that they 
do not hesitate to declare that the introduction of 
Western methods for increasing our national income 
should be resisted,** is based on more fundamental 
ground. They have seen the Western civilization 
crumble under its own power of science and imUistrv ; 
they have seen how women and children are being 
slaughtered with lightning si)eed by the monstrous 
technitiue of science : to them the abstract concept 
of ‘'science** takes the concrete forms of bombs and 
torpedoes, tanks and guns, mines and mortals — 
instriinients of misery and destruction. It is but 
natural that they slujuld forget all the good that 
science has done and is still doing to humanity — 
PeniHllin, Patulin and M. & H. arc a poor match 
for the High Kxidosives. Human mind does not 
measure good and evil by balancing one against the 
other and ticking them off, but by the <iuality of 
im]>ression that is left behind : and impressions of 
fear and horror outlast ]deasurable impressions both 
in intensity and in time. 

How, then, are wc going to answer those who 
maintain that science is responsible for the two inajor 
catastrophies in Kurope, and that it would luring only 
disaster to India? Sir J. C. Ghosh’s suggestion that 
these people should be educated out of their conser- 
vatism, and that the men of science in India should 
preach that .science is capable of doing immense good 
to humanity and that the evil results are due only to 
evil men, does not appear to me to be adequate. For, 
in the first place, the distrust for science on the part 
of a large section of our public is not due entirely to 
conservatism ; and secondly, preaching the virtues of 
science without convincing argument would merely 
betray intellectual lethargy on the part of our men 
of science and would ultimately defeat its own pur- 
pose. The case for science is strong enough to allow 
itself to be established by the dispassionate array of 
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facts and logical arguments, without appealing to 
human emotion and scntiinent. 

The outstanding feature of the Western civiliza- 
tion of today is, as it appears to me, nob the enormous 
scientific and industrial power, but the colossal gap 
between this power and the power of man to control 
and direct it for the benefit of mankind. Science is 
progressing every day, but man has so far been unable 
to keep pace and adapt himself to the new’ environ- 
ment. In other words, human wisdom is sadly 
lagging behind scientific knowledge. The advance- 
ment of science in all its branches has given man an 
iinniense oi)portunity to improve his physical exis- 
tence, so that he may be better able to progress along 
the path of higher values ; but he, being blinded by 
the chimerical brilliance of his own material achieve- 
ment, has shifted the emphasis from the moral to the 
material aspect of things and in the process has com- 
pletely lost his aim. bin Yutang, the noted Chinese 
writer, has, at a recent interview’ with a representa- 
tive of a London newspaper, stiid “. . . . but I think 
when the We.st talks of culture it often means civili- 
zation. Ilath-tubs, wireless, telephones are civiliza- 
tion. Culture is another thing. It lies, for instance, 
in the manner.s, the attitude to life of the Chine.se 
peasant — kindness and tolerance and the ability to live 
side by side.** 

Another feature — a very significant feature 
especially in the light of modern pvSychological re- 
searches— of the present day Europe, is the lack of 
serious faith. Even Newton had his God ; but the 
man-in-the-street today is largely impelled by tlie 
motives of day to clay affairs. Science has usurped 
the place of God in the ordinary man*s heart but 
has not been able to give anything in its place. The 
light of scientific knowledge has, it is true, disi>ellcd 
the darkness of ignor..nce and superstition ; but the 
need for faith is a human need and must find its 
expression elsewhere. This explains the authority of 
the Kiilirer and the belief in blood and soil in Ger- 
many. 'I'lic initial triumph of the Fascist forces is 
in no siii'ill measure due to this implicit faith upon 
their respective lords. lUit the authority of a man is 
bound one day to be questioned — that of God is un- 
questionable and liciicc permanent. The gallantry of 
the Soviet peoples who draw their inspiration from 
their faith in their P'atherlaud and the ideals it stands 
for, illustrates the dimension of the human power, 
which with the help of science could successfully 
withstand the greatest pressure the human race has 
yet been called upon to bear. The recent stei)S that 
are being taken towards decentralization within the 
U. B. S. R. show how strong are their love and 
faith for their local territory— the Fatherland. 

It may be argued that if the human mind has 
been unable to adapt itself to the changing environ- 
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iiient introduced by science in the West, what is the 
jjiiarantcc that it would be diflferciit in the East? 
Taking human nature as it is, is it not better that 
science with its potential danger be kept out of its 
reach? The answer to this is fairly simple: We 
do not stop using fire because its misuse or abuse 
may bum us. The best course is to train ourselves 
to use it in the proper way. Moreover, science has 
come to .stay ; and if ue do not care for it in India 
we would, it is true, have to go without its benefit ; 
but we are sure to share its evil effects through its 
misuse by others -wc are .sharing it now. As regards 
faith, we have enough -if not too much -in India 
now ; any advaiicenieiit of science in our country 
would in effect help to re-establish and sliviigtlieii 
the gemiinc faith by disentangling it from ihe myriad 
adventitious beliefs based on ignorant superstitions. 

In conclusion I may cmiihasize that llie n.al 
cause of the disastrous result of the pre.sent Eun^iioaii 
civilization is not so much the introduction of scienti- 
fic knowledge as the failure to introduce slnutural 
changes in the society to meet the new social fitiic- 
lions which this knowledge has imjjosed. The indus- 
trial revolution brought about a sudden and violent 
change in the function of the society ; Imt the social 
structure was allowed to remain practically medieval 
in character: the feudal lords haudc<l over llieir 


power and iiosition to the shrewd bu.sincssmeii with 
caiiital, and the labourer left the land and came to 
serve his new master in the factory. Not only were 
the business inngiiates able to take complete control 
of the nation’s wealth and productive power, they 
were, with the help of the new tools which science 
had placed in their hands, better able than the noble- 
men to ex])lf)il the resources of the nation to their 
sectional interest. This eoiiceiil ration of power and 
wealth in the hands of the few is the ultimate source 
of the present-day trouble. It is, therefore, not sur- 
prising that llie peoples of the Soviet Union .should 
be able to strike a better balaiuv between the struc- 
ture and function of the social body with their much 
altered social condition. 

The ineseiil itiifortiinale results of the hiurojieaii 
experiment with science need not, therefore, frighten 
us ; for, not only we ought to learn our les.son from 
this ex]>erinieiit, but if wc pin our faith to our vastly 
diilereiit tradition, where the realm of facts has 
ah, ays been subordinated to the realm of values, \ie 
shall in»t fail combine scientilic knowledge with 
human virtues. If Pasteur were alive today, he 
would, instead of saying “.Science is the soul of all 
progress and tlie source of all prosperity”, have said 
“Science is the soul of progress of all and the source 
of [irosperity for all.” 


LOUIS PASTEUR AND HIS WORK 

JtTLVI/ HHIIART UAL, 

I.ATK IilkKCTOU Ob' I’CnUC INSTRl'CTIOXS, ItllAKATiM'k STMl- 


[This One Act Plav was wrilten hy Jugal Hcliari L.al, M.A., Latir Dirci lor of I'uhlic liislrnclions, Hliaratpur 
Slate, to he staged by the pupils of the Stale College. Several plays and dialogue-, have been ywritleii by the author; 
and science, Iieallh and diet campaigns were conduclcil in llie .state auil ilie nciglihouriiig lu-oviiuvs.] 

'RA.—Science & Culture. 


: SCENE T. 

A STRKKT IN Paris. En/cr Chaplmis, 
l*a.steur*s friend and lliot, a famous srirntist and 
admirer of Pasteur. 

idol. Well met Chappui.s, I was coming to you. 
You alone have influence over Pasteur and can 
shift him to Arbois from Paris wbich is being 
evacuated. If wc save Pasteur, we save bVaiice 
and the world ; there is that promise in the youth. 
All old chemist like me, after thirty yens’ 
effort, could not produce pure racemic from 
tartaric acid, which he has effected. From 
vision to vision, this prodigy further detects the 
ferineiits, when experimenting on the tartaric 
acid. Pasteur’s quest for the racemic acid takes 
bim from the illusory boundary that separates 


life proccssc.s from purely inorganic reactions. 
Crappling with the manufacture of alcohol from 
beet sugar, he discovers the tartaric acid fermeii- 
lations, whicli fixes the date of “Ntwv Learn- 
ing”. 

Cliappuis. W’ho could be more proud than I his 
bfKSoin friend, when he defeated the T.icbig grouj) 
of molecular physicists after 20 years of .struggle ? 
He could hardly ever be induced to leave his 
laboratory even for a walk wdien performing one 
experiment after another to confirm that fermen- 
tation, decomposition and putrefication all “arc 
acts of life”, and in the ab.sencc of life do not 
take place. Uerins also have parents. 

Ptiol. This has led him to discover that the various 
infectious diseases are originated by germs. 
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Chal>l>uis. Uc lias discovered both the diseases of 
the silk-worms and their cure and iiroved that 
they arc contajuious and hereditary. France has 
gained millions and millions. During these four 
years lie lost father and three of his daughters— 
Camille, Cecil and Jeanne. The lenderesl 
heart in the world is carried by the world's 
juieate.st livinj* scientist— Pasteur. The micros- 
coi>e almost blinded him when he looked for the 
invisible tyiihoid )i»crms which had carried off 
his three babies and made his home desolate. 

Sounds of shells burslinj*. 

Biol. Here are the Cicrmans shellinj; our Paris. 
Run, run and save Pasteur and his laboratory. 

[Both run rticayl. 

SCKNli II. 

Pa.stkuk's I.AnoKATORV. I^tslcur and his 
tico lulyoratory a.s\s'f.s*/aw/.s* ^corkinff on a labic full 
of af^Jniratus, chemicals and cuHuns. 

Ihisleur. Life in the midst of danger is the life, the 
real life, the life of sacrifice, of example and of 
fruitfulness. Both the sillv-w<»rm diseases- 
Pebrinc and b'lacliery, are compiered, and the 
Cliickcn-Cholcra germs have got cultured by 
chance. 

isl Asst. In the field of oliservation, Master, chance 
only favours the mind which is prepared. 

Enter Biot and Chalfpuis, runninj^ and hreallilcss. 

Chat^puis. Pa.steur, pack ui», run. Mel/., the 
strongest fort of the world has surrendered ^vith- 
out a struggle to f'leiicral Moltke and this great 
Paris is surrounded, I\vacuation is ordered. 
There is still a nay out of Paris. A moment 
after, it would be too late. A shell at any 
moment may smash you and your laboratory U> 
atoms. 

Pasteur. I leave my Paris at this crisis.? My father 
was a soldier before he was a tanner. He fought 
in the battle-fields of Kuropc in the valiant Thinl 
Regiment— the brave among the brave, ami 
earned the cross of the I.egion of TTonour. 1 
will die before I leave Paris. 

Uiot. Can you fight? You will bo the worst 
soldier of France. But you can discover things 
to defeat Oermaiiy. Why not do what you are 
capable of, if your patriotism is genuine? 

Pasteur. My beloved France is defeated, dishonoured 
and humiliated. We must end and let things go 
their own way. 

Biol. It is not for a hero of Science like you to 
lo.se heart. Live and win by your Science. As 
a force you count for nothing, as a wisdom you 


are the highe.st in the world. Fight with your 
own weajioiis and not with those of the enemies'. 

Chappuis. You have no right to stay ; you would 
be a useless mouth in the siege. 

Pasteur. It is a cruel-kind argument and I yield to 
you. I woidd raise my beloved France above 
('lenminy by improving the wines, vinegar and 
the brewing France. I would save my wound- 
ed countrv'men by the Listerian antiseptic dress- 
ing and .sterili/ing wounds. For the memory of 
my diseased children and for the honour of 
France, 1 would give the heart its .share in the 
progress of science. 

Purstinii of shetts incrcasinj;;. 

( huppiiis. Run, run. [.!// run aieay leith the 

laboratory tables]. 

vSCFNE HI. 
liombardment of Patis. 
vSCFNF IV. 

PAiter Pasteur and his heo assislanls. 

Pasteur. Blessed is he who carries within liini'iclf 
a Hod, an ideal and who obeys it: ideal of art, 
ideal of science and the ideal of the gospel of 
virtues. Therein lie the springs of great 
thoughts and great actions ; they all reflect light 
from the Iiifinile, Let us do our bit. Five i)er 
cent of the cattle and ten per cent of the sheep in 
France die of anthrax. Davaine and Koch have 
isolate<l the bacilli but could m)t effect the cure. 

I have taken up the problem. 1 had taken .so 
sheep and 25 were inoculated with the aiiU- 
authrax serum, v.hile the other 25 were not so 
inoculated. I have .since infected all with the 
\'inilent disease, ff the inoeiilalcd ones survive, 
the princi])le t)f inoculation will be established. 
Ill the case of Chicken-Cholera ciiUiire I 
havc found tlial it loses strength merely by 
keeping, and a fowl inoculated with this weak 
ciilliire suffered only a passing indispo.siti )ii 
and afterwards was immune from the attack of 
this virulent disease itself. The iirinciple i/f in- 
oculation should ajiply to anthrax and all the 
infectious and germinal diseases. 

Noise ivillwut. 

ist Asst. Nfastcr, there is a crowd .of farmers who 
wish to see you. 

Pasteur. Let them come in. 

Enter Earmers. 

Earmers. vSaved, saved, our cattle are .saved. Hail 
Pasteur! Long live Pasteur! 
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2nd Asst. Quiet, quiet. There is an old woman 
with two children, wailing and crying and 
wishing to see you. 

Pasteur. Now friends, leave me. I have to attend 
to other business. \Thc farmers leave, saying; 
*'Long live Pasteur. Pasteur for rrer.*^] 

Pasteur. Jcniier, jenner, you have discovered the 
, vaccination against sniall-i)ox. How can the 
world ever forget you? Working .so far apart 
we are guided by the saihe human sjurit. T 
have discovered the anti-rabic serum. Ihit what 
can this woman and the children want? 

Enter an old u'oman and hco children. 

Mother. Monsieur Pasteur, my children Meister and 
Jupille are Intten by a mad dog. Nothing, 
except you, on earth can .save them from the 
suffocating mad struggles of hydrophobia -Jiul 
the most painful death. O! .save them, save 
them. fc>iV.v bitterly, while the children cliny: 
to him and cry. Pasteur also cries out of 
sympathy. J 

rasleur. Eady, I have succeeded in curing mad 
dogs but I have not yet tried the inoculation on 
human beings. I cannot bear to see the reaction 
and the possible pain rc.sulting in death and 
cannot apply the trealiiient willioul being sure of 
the result. 

Mother. O! Try this desperate remedy. 

Pasteur. I cannot unless Vulpian can as.sure me 
of its success. 

Mother. We will call Vulpian here. [Mother and 
the children depart . ) 

Pasteur. The anthrax bacilli are isolated by Davaiiie 
and Koch but 1 have not been able to delect or 


isolate the raby germs, yet the disea.se is of ger- 
minal origin, as the inoculation has proved. Is 
it a virus like the small-pox germs, too small to 
be detected by a microscope? I have submitted 
my anti-rabic treatment to the Government who 
have appointed a Rabies* Coinmi.ssion under 
Vulpian. Vulpian will tell the result if he 
comes. I rely on \*nlpian, the greatest physician 
of the age. 

Enter Vulpian. 

I'lilpian. flood morning, Monsieur Pasteur. 

Pasteur. The same to you. 

I'ulpian. The year 1SS5 will be mem(»rablc in the 
history of tlic world. Your anti-rabic Ircatnient 
and inoculation have been proved and confirmed 
by the Commission. The Government have 
ordered Pasteur Institutes to be opened throiigb- 
out France to perpetuate your great memory. 
A time will come wdien every big centre in the 
world will have a Pa.stciir Instiliite. 1 have 
treated the two children strictly according to 
your method ami they are cured. You are a 
l)cnefaclor of mankind, you have solved the pro- 
blem of “Alan or the Microbe’* in favour of 
mankind ! 

Enter the mother and the two children cured. 
They jump and kiss l^asleur, 

Pa.slvur. Hallo my children you are cured. In you 
I sec my Camille, Cecil and Jeanne resurrected. 
It is one touch of Nature that makes the whole 
world kin. Eive France, live all mankind and 
l)rosj)cr ! 

All. Hail Pasteur! Immortal Pasteur!, \ldfl up 


2 
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A. FUEL RESEARCH PROGRAMME FOR INDIA 

B. B. DAS, 

APPMKI) CHKMISTRY DEPARTMKNT, UNIVERSITY OK CAI^UXTA. 


A FUKI^ Research Institute is to be established by 
the Government of India. This is the time to 
discuss as to what would be the best programme for 
such an institute. Any .such national institute should 
obvi*>iisly have two fundamental issues to deal with ; 
firstly, the maximum economic utilizatitm of the 
nation’s fuel resources and secondly, the production of 
substitutes for those natural fuels that are not avail- 
able in the country. From both these points of view, 
India can be compared with Hritain, wliich country 
had established a fuel research institute as early as 
igi7, to find out ways and means for optimum 
economic utilization of liritish coals which have been 
showing a steady rise in price since long, and also 
to develojj methods for the product i<m of lifiuid fuels 
— substitutes of petroleum products— for internal com- 
bustion engines. It is thus interesting to know how 
the British I'uel Research Board i)roccoded to fornni- 
late their programme. The following is an extract 
from the first report (1917) of the Board of Fuel 
Research* to the hord President, Privy Council for 
Scientific and Industrial Research. 

“The field to be covered by Pud Research is admittedly 
a very wide oiie. It embraces inquiries into the sources 
and qualities of coals, oil shales, natural oil and gas. and 
])eat; into the metluMls of preparation of manufactured 
fuels from these natural raw materials and into the methods 
of consumption of the various forms of natural and inanu- 
faeUred forms of fuel for the iiroduclion of light, heat 
anil i5owcr. The iiiulerlying motives in these inquiries must 
be the securing of greater health, eoinfort and convenience 
for the eoiniiiufiily, combined with the more economical 
use and development of the natural resources of this 
wmntry. 

"It is proposed that two main lines of inquiry should 
be followed, but should opportunities present themselves 
for the effective pursuit of other lines, they have to be 
able to utilize them. 

“The first of these lines of intiuirv originated in pro- 
pr>,su]s from the Coid Conservation Sub-committee of the 
Reconstruction Coiniiiittee for n complete Survey of tfie 
Coal Resources of Great Rritain. The part of this inquiry 
with which the Board is more immediately concerned is the 
examination and classification of the coal seams of the 
various coal mining districts by means of chemical and 
physical examination in the lalxiralory. At the discussion, 
which have taken place at the Coal Conservation Snb- 
Coininittee it has emerged, that the inquiry is intended to 
cover two aspects of tlie subject, the immediately practical, 
and the theoretical and more remotely practical. 


* ITie members of the Board were Sir George Beilby, 
P.R.S., Hon’ble Si. Charles Parsons, K.C.B.. F.R.S.. Sir 
Richard Rcdtnayne, K.C.B., and Sir Richard Threlfall, P.R.S. 


“On the ininiediately practical side, it is propf)sed to 
take stock of the coal resources of each district, as these 
are already known to exist, to classify according to their 
qualities the seams which are Ijeiiig worked or which might, 
under certain eircuiiislances, be worked and to ascertain 
broadly the industrial uses to wliich the different kinds of 
coal arc being juil. The classification for practical pur- 
poses involves the fornmlation of standard iiiethoils of 
sampling iind testing. The testing would be done primarily 
in the l.'ilN^ratory and woiiUl be so carried out that stamlanl 
values related to the purposes for which each kind of coal 
would be ni(>.<;l suitable might be assigned to the various 
scams, e.g., for carfjonisation for metallurgical purposes 
or for illiiminnting gas making, for steam raising in land 
or tiiariiic lx>ilers, for the prcKluction of heating or powir 
gas or for domestic use. The foniiulaiioii of a conqileie 
testing scheme and I he estfiblishnieiit of standard methods 
of testing will need to be carefully di.scusscd by laboratory 
and manufacturing experts. 

“<.)n the more tlie(»rctica1 side of the inquiry investi- 
gations will l>e required as to the nature and origin of the 
various types of coal and int<i the chemical and physical 
behaviours of their constituents under the action of he.ii 
and other age.nts. These investigations would be .siste- 
inatized and followed up energetically and every reasonable 
resources should be put at the disposal of the scientific 
tvotkers who ar^ prepared /o take up the work. (Italics are 
ours). Ily concentrating scientific investigations in the first 
instance on those coals which are widely known and used 
in indnstry the work on this side of the enquiry wouM lu; 
most readily kept in touch with that on the more imme- 
diately practical side, and the new knowledge acquired by 
the scientific worker would at once be available for the 
use of his practical colleagues. 

“'flic second of the proposed lines of emiuiry has been 
led up to by' a variety of influeiiecs. Amongst these iulla- 
crices have jjeen the demands for cheaper and more atiiplo 
supplies of eleidrical energy, for home supplies of fuel oil 
for the navy and of motor .spirit for the transport .'mil ;iir 
services, and last, though by no means least, a definiti' 
demand for a .smokeless domestic, fuel brought about iiiainh 
by the growth of public and municipal opinion as to the 
great evils due to atmospheric pollution caused by the smoke 
and corrosive ga.ses emitted by industrial and domestic fires. 
The only development w'hich would satisfy these needs 
sitiiuUaiieously, is the replacement of a large proiiortion of 
the raw coal which i.s at present burned in Ijoilers, furnaces 
and domestic fires by manufactured fuels prepared from 
raw* coal by submitting it to the distillation. 

“These problems can only be solved by carefully 
organized experiments on a working scale carried out iimlcr 
the conditions likely to arise in practice.’* 

The above extract gives a precise idea of 'the 
fundamental considerations involved in the foriimla- 
tion of the research programme that was to he 
followed by Ilis Majesty’s Fuel Research Board. The 
actual programme, which was subsequently decided 
upon and which was followed for the first decade, 
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by the British Fuel Res^rch Institute, was as 
follows : — 

“(1) The organisation and development of the Tliysical 
and Chemical Survey of the National Coal Kesrjurces with a 
view to ascertaining the most suitable method of utilizing 
the various seams and in piirticular their suitability for 
treatment by car1x>nizalion or otherwise. 

(2) The obtaining of data of unquestionable accuracy 
for the preparation of tlierinal balance sheets for various 
methods of coal carljonization and the gasiiicalion of coal 
and in connection with the use of gaseous fuels in industrial 
furnaces. 

(3) The obtaining of data for the preparation of eco- 
nomic balance sheets for carboni/atioii, gasirication and 
fiirnacing operations. 

(4) The obtaining of similar thermal and economic data 
in conneclion with the use of peat as fuel. 

(5) Kxperimeiital work on carlioni/ation at temperature 
up to ()S0®C and on various types apparatus for this 
purpose. 

(6) The study of the coke produced under (5) from 
various types of coal as a smokeless fuel for domestic and 
industrial purposes, either directly or in the form t)f 
briquettes. 

(7) The stuily of the oils pro<luced under (5) as a source 
of fuel oil for use by the Navy in steam boilers or in l)ie.sel 
engines. 

(8) The study of I he gases produced under [F>) with a 
view to their utilization directly as a high grade fuel or as 
a source of fuel alcohol. 

(9) I^xperiments in the carl)oni/.alion of coal at high 
lemperaturc to ascertain the influence of temperature, rate 
of Heating ami other variables on the quality of coke and 
gas produced, and other yield of by-pro<hicts. 

(10) The use of pulverized fuels in operations <»f varunis 
kinds. 

(11) Sleani-lwilcr tests of various fuels including the 
prodiu-ts of the carboiiixation of coal. 

(12) The production of oil from iiaturnl fuels by pro- 
ICS.SIS other than that of carlxjiiizalion. 

(hi) The production of light oil from heavy fractions t»r 
residues. 

(14) The use of various types of liquid and ga.scous 
lads in internal combustion engines. 

(I."') Investigation into the production of light spirits 
other th.'iii those pro<1uced from natural oils, coids, etc. 

(16) Investigation of imstrumeiils and devices suggest etl 
as aids to economy in fuel. 

(17) Investigation into the ii.sc of fuels for domestic 
piiriMisus and similar applications. 

(18) General investigation into the chemistry of fuels 
ami the processes for fuel applications.” 

It is clear that whatever other items might be 
included in the research programme for India, the 
above investigations will also have to be carried out 
iiere, as they are efiually significant for all country’s 
riitional fuel utilization. A good part of the above 
I'rogramme involves work in Low Temperature Car- 
bonization. This is to be explained, perhaps, not only 
by Hritain’s urgent necessity for production of i>clro- 
^^‘'i»i-product substitutes, but also because of high 


hopes entertained during the decade 1914-192.4, on the 
po.ssibility of production of liquid fuel from coal by 
Low Temperature Carbonization. With the dcvclop- 
iiieiit of the iirocesses of Hydrogenation of coal and 
Mscher-Troi»sch .synthesis, however, there is a grow- 
ing opinion that work on Low Temperature Carboni- 
zation is futile. It has to be submitted however that 
both the latter proccs.ses involve intricate chemical 
cnginccriug operations, especially in the realm of 
high pressure technology. The cost of petnd obtained 
by the two processes is also very high. Low Tem- 
perature Carlxmi'.atinn has a further significance for 
India, as the vast reserves of Indian coal are mostly 
non-eaking and can thus hardly be profitably pro- 
cessed by High Temperature Carbonization. One 
great offset in Low Temperature Carbonization has 
been the dispo.sal of the heavier fraction of tar which 
is obtained in much greater yield. It has been re- 
ported,^ however, that a process has been developed by 
His Majesty’s (lovernment in Britain to utilize this 
tar for road construction. If this works successfully, 
India will need primary tar for her innumerable roads 
still to be construclcd. The last word on Low 
Teuiperature Carbonizaliou, it appears, has not yet 
been said and for obvious technological, chemical and 
economic reasons, it can hardly be advised not to 
follow up Low Temperature Carbonization. One 
word more need be said as regards this i)roceRS. Un- 
saturated ga.scs constitute today llu.* raw materials for 
the production of innumerable basic synthetic organic 
chemicals. Whilst America obtains the supply of 
these gases from the petroleum industries, others will 
have to develop processes for their production from 
coal. Britain has already established a Oas Research 
Institute, with Dr J. C. King, as its first Hirector.’* 
Here, it vseems, investigations will liavc to be made 
on the po.ssibility of i>roductioii of olefines from J.,ovv 
'feuiperature Cas. 

Certain inherciil peculiarities of Indian coals 
demaiul research in some other directions also. 
Kor Indian coals are sadly characterized by a 
higher content of ash, which is again believed to be 
intrinsically bound with the main mass oi coal. 
Sectindly, there are coals with high perceiilages of 
moisture and sulphur. Knssia has done wonderful 
works towards the utilization of this type of coals 
and some of Russia’s super-pressure steam boilers are 
running with coals of very high cotilenls of moisture, 
sulphur and ash.® Surely we e.iii also use our inferior 
coals and it u ill be the responsibility of the future 
Fuel Research Institute to develop processes for the 
purpose. The non-caking nature of the majority of 
coals necessitates urgent and energetic work on the 
items b and 10 of the above progranimc. 

* Chemical /Ige, .Viinual Number, 1942. 

■ Chemical Af^e, Aiitiual Number, 1942. 

* Soviet Science, J. Crowtlier, Kegan Paul, London, 1936. 
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As regards litiuid fuels for iuternal combustion 
en>4iiies, India is decidedly at an advantageous posi- 
tion, as compared to Britain . Petroleum and even 
coal may get exhausted. But vegetation is perennial. 
We must use alcohol and wood charcoal in .siwiita- 
iieous ignition engines and vegetable oils, like ground- 
init oil, ill compression ignition engines. All niodi- 
llcatioiis necessary in engines for using these substitute 
fuels should be investigated and slaiidardi/ed. This 
deserves, in our otiinion, the immediate atlentioii of 
the Fuel Research Institute to be established. 

In view of the above considerations, it appears, 
the programme for India should include the follow- 
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ing items as well, in addition to the eighteen detailed 
al)ove. 

(1) Investigations on the methods of washing and 
cleaning Indian coals. 

(2) Investigations on the processes for produc- 
tion of olefinic gases from Low Temperature Carboni- 
xation gas to produce the basic materials for produc- 
tion of synthetic organic chemicals. 

(3) Investigations on alcohol-burning engines. 

(4) Investigations on the use of vegetable oils in 
Diesel Engines. 

(5) Investigations on iiroducer-gas engines and 
charcoal for use in these engines. 


PRIMITIVE PRODUCTION IN NORTH EAST AND 
CENTRAL INDIAN 

NABENIUT DATTA MAJIJMDER 


IT^HIS paper is an attempt to study the productive 

activities of the Mongoloid Indo-Chinese tribes 
of Assam, the Khasi, Garo, Naga and Lushai 
Kuki etc., and the Pre-Dravidian tribes of Santal 
Parganas, Chota Nagpur, Central Provinces, and the 
Ka.stern Ghats between the Godavari an<l the 
Mahanadi, e.g., the Santal, Munda, Gond, Koiid etc. 
The problems discussed here include (i) the different 
ways of exploiting natural resources to sjitisfy needs, 
{ii) the relative importance of the different types of 
production, (Hi) the relation between the physical 
environment and production, (h) the principles of 
the division of labour, (v) co-operative labour, 
(vi) slave labour, (vii) the organization of produc- 
tion, and others. 

The conditions of material life exercise an enor- 
mous influence on the s])iritual or ideological life of 
society. These conditions of material life of society 
include geographical environment, growth and den- 
sity of population, and economy. It is true that 
each one of this complex of conditions influences the 
development of society, but the degree of influence is 
not the same in every case. Of all such conditions 
it is the economy that has the greatest influence on 
social development. Of the various factors that go 
to make up the economy of society — ])roduction, ex- 
change, distribution, and consumption — it is the 
method of procuring the means of livelihood, the 
mode of production of such material values as food, 

Rend at a meeting of llic Anthropological Society, 
Ui]iver.sity of Calcutta. 


clothing, houses, fuel, foot-wear, instruments of pro- 
duction etc., that constitutes the chief force in deter- 
mining the phy.siogiiomy of society, the character of 
the social system, the development of society from 
one system to another. 

The im])ortance of production in the develop- 
nieiit of society was recognised as early as the ^itli 
century B.C. when Dichaerchus spoke about 1 Ik- 
three stages of hunting, pasturing and agriculture in 
attempting to discover the principal land-marks in 
social development. T am not here trying to i)rove 
the validity or otherwise of the classical theory of the 
three stages, but my sole object is to show that the 
exponents of the classical theory, at least, realised 
the determining part played by production in the 
course of human development. Whether or not it is 
possible to discover all the stages through wliicli 
mankind has passed, and if so, what these stages are. 
is another question. 

According to the school of historical materialisin, 
founded by Karl Marx and Frederick Engels, the 
mode of production may be analysed into two aspects : 
(i) the productive forces, and (2) men’s relations of 
production, or economics relations. The first asi)cct 
expresses the relation of men to the objects and 
forces of nature which they make use of for the pro- 
duction of material values, while the second is the 
relation of men to each other in the process of pn»' 
duction. 

The productive forces are, again, divided i«t*> 
three elements: (i) the instruments of procluction 
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with which material values arc produced, (2) the 
people who operate these iiistruineiits and carry on 
production, and (3) production experience and labour 
skill. 

The above-nieiitioiied school holds that the noble 
of production is a mobile and changeable factor, and 
that any change in the mode of I'lroduction is iKjund 
to lead to changes in the whole social system, social 
ideas, political views and i»olitical institutions. They 
further maintain that of the two aspects of the 
mode of production the productive forces are more 
mobile, and that of the three elements of the pro- 
ductive forces the instruments of iiroduction are the 
most mobile. So, changes and development of the 
instruments of production are bound to initiate a 
whole series of changes and develo])mcnt -first of the 
productive forces, then of men’s relaticjiis of produc- 
tion, and finally of the physiognomy of society, of 
the whole social system. 

It is regrettable that very little has been done by 
aiilhro])ologists to study the role and significance of 
the mode of production in social development, the 
effects of changes in the mode of jiroduction on the 
physiognomy of society. I am, mentioning this here 
in the hope that future investigators will tackle this 
]>roblem. 

The various ways in which the iirimitive tribes 
of India exjiloit their natural resources to satisfy their 
needs, in other words, the different ty^ies of economic 
activities ]»revailing among them, are: (i) collection 
of edible fruits, roots, plants etc. fnmi the forests, 
(j) hnntiiig, (3) fishing, (4) domestication of animals, 
(3) cultivation, and (6) arts and crafts. Though the 
relative importance of the different forms of produc- 
tion vary in different tribes, all of them agree in 
having cultivation as the most important form of i>ro- 
ductioii. The production of food is the chief pre- 
occupation of all these tribes. 

The collcclion of forest products has always been 

great importance to these tribes as a subsidiary 
source of food. In seasons of scarcity, they fall back 
oil the edible fruits, roots, and plants of the forests 
to keep body and soul together. For example, among 
tile Konds, the sunnner, which is a season of scar- 
city, is known as sukki kalo or hungry season. Pro- 
chicts of the jungles, c.g., yams and other edible roots, 
tlry mohua fruits, mangoes and mango stones ground 
hi a sort of flour etc., pull them through the sukki 
kalo. In 1868, there was a widespread famine in 
Central India, during which the Oonds and other 
aboriginal tribes were but slightly affected, because 
(0 they could rely on thd products of the jungles, 
and (it) the light millet croj)S, Kodon and Kufki, 
'rere not so badly affected by the failure of rain. 
Among the Lushai Kukis, in times of scarcity, what- 
<^ver rice can be had is reserved for the young 


children, while the rest of the people live on wild 
yams, vegetables, and the pith of the sago palm. Hut 
the importance of the collection of forest jirodiicts, 
as a method of securing food in primitive tribal life 
has been greatly reduced by the reservation of forests 
by the Government. I am informed by Mr T. C. 
Das of CalcutUi University that he has come acro.ss 
one small tribe, the Chiru, beldiiging to llio Kuki 
group and iiihai)iling the eastern fringe of the hills 
bordering the western side of the Manipur plain, 
who, when (pieslioned about what they would do in 
case of a failure of crops, did not say anything sug- 
gesting the importance of the colleelion of fore.st 
produce in scarce times. On being given a broad 
hint about wild fruits and roots, they mentioned 
only a few wild roots that could be collected. 
This may be explained on two grounds, - (/) their 
natural environment is not rich in wild edibles, and 
(») the possibility of borrowing from the plains 
people with whom they are in contact. 

In former times hunting and fishing playetl a 
very imi>ortant part in the economic life of the 
primitive tribes of India. They were »>nce the 
primary occiii»alion of many of these tribes, e.g., 
the M Hildas, Sanlals and Gonds. To-day all of them 
arc concentrating on cullivatioii. but till recently 
the contribution, made by hunting and lisliing, to 
the food-supply of the primitive tribes lias been con- 
siderable. Now-a-days, however, the reservation of 
forests has diminished the importance of hnntiiig to 
a very great extent. For example, the Komis, Gonds 
and baigas have been deprived of one of their main 
sources of livelihood. In couneclioii with hntiling 
it should be noted that the ancient bow and arrow 
is lieing replaced by flint-lock guns wlierever the 
tribes have come into posses.sion of a few of them. 
This is the case with the Gonds, Liishai Kiikis, 
Aiigami Nagas etc. 

Cultivation, which is tiio main source of food- 
supply to the primitive tribes under ooiisideration, is 
of two kinds, .‘shifting and lixod, or dry and wet. 
The shifting .system of cultivation is known by 
different names among different tribes. It is called 
‘jhnni’ by the Assam tribes, ‘bewar’ by tlio baigas, 
‘dahia’ by the Gonds, ‘podn* or ‘knmeri’ by the 
Konds, and ‘knrao* by the Maler in the Rajmahal 
Hills. The fixed cultivation is like the usual jilongh 
cullivalion of the Hindus of tlie surrcnimling plains. 
'Pile two systems of cnltivalioii play different roles 
in the economic life of different tribes. 

The Maliali Konds, Maria Gonds, Hill Garos, 
Lusliai Kukis and Lliola, »^cma and An Nagas prac- 
tise only the shifting system of cultivation. In this 
system a i>atch of jungle on the hill slopes is cut 
dow'ii in the winter, and left to dry in the sun. In 
the summer the dried logs and branches art set on 
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fire, and the ashes scattered all over the ground. 
When tile rains coniiiience, the seeds are sown broad- 
cast in the ashes with or without hoeing. These 
patches are cultivated for 3 or 3 years, ajid then 
left to lie fallow till they arc recovered with jungles. 
The nufnber of years for which these patches are 
left fallow also depends on the availability of jungle 
hind and the density of population. 

The tribes living in or near the plains, and in 
contact with the i>lains-dwelling Hindus, are adopt- 
ing the fixed system of cultivation. Such are the 
Konds of the lower slopes, the majority of the 
('.oiids, the ^lundas, Santals, Caros of the plains, 
K basis and Angaini Nagas. It may be mentioned 
here that the Chakrotna Anganiis, though they live 
nearer to the plains than other Anganiis, have so 
much good jhtim land, that they depend only on 
‘jhuniing* for their livelihood. 

The- fixed cultivation of these tribes may be 
sub-divided into dry and wet cultivation. The former 
is iiractised by the Conds, Mundas and Kliasis ; and 
the latter by the Konds of the lower slopes, Santals, 
Mundas, Anganiis, Plains Caros, and Khasis. The 
Mill id as and Khasis practise both dry and wet .system 
of fixed cultivation. 

The dry cultivation is carried on by the Gonds 
in hilly and jungle tracts of poor quality, consisting 
of barra or gravel soil disintegrated from the rock 
of the hill-sides, by the Mundas in their danr or tanr 
(uplands), and by the Khasis in their Ka ri lum or 
Ka ri phlang (high grass land). The wet cultivation 
is carried on in terraced low lands and valley bottoms, 
which arc called don by the Mundas, and luili or 
pynthor by the Khasis. 

All Ihe primitive tribes under consideration, 
with only tlucc exceptions, use the plough in their 
fi.xed cultivation of both dry. and wet kinds. The 
Kutiah Konds, i.e., the Hill Konds of Kalahandi, a 
vState in Orissa, in rare instances, grow' a little wet 
rice. When they do so, they use neither the hoe 
nor the idougli in prej>aring the field, but manual 
and pedal labour of men, women and ehildreii. The 
Anganiis dig their terraced fields with a .spade which 
has the shape of an inverted V and a flat spoonlike 
blade 6 to S inches broad in the broadest part. The 
Khasis use a hoe for the purpose, though the 
Syiitengs, one of the Khasi tribes, in the neighbouring 
Jaintia Hills employ the plough. 

'file cultivation of these tribes is mainly depen- 
dent on rainfall. But the Anganiis, Khasis, Mundas, 
Santals, and Konds of Ganjam supplement rainfall 
by artificial irrigation, which takes the form of bandits 
or embankments across ravines, hollows or other 
natural depre.ssions to retain natural moisture. The 
Santals exhibit much ingenuity and co-operative effortf 


in constructing bandits. The Angainis and Khasis 
are more ingenious in artificial irrigation. They 
irrigate their terraced flelds by skilfully contrived 
channels draw'ii from streams, sometimes at a distance 
of a few miles. 

The crops cultivated are usually cereals, pulses, 
oil seeds, and vegetables. Rice is the staple crop 
among the tribes of Assam, Chota Nagpur and Santal 
Pargniias. 'riic Conds, Baigas, and Kutiah or Maliali 
Konds depend on small millets called kodon and 
kutki. It is not long since the cultivation of potatoes 
was introduced among the Khasis, but they already 
excel in it. Among fruit crops, the cultivation of 
oranges by the Khasis is noteworthy. The exjioil 
of Khasi orange, under the name of Chhatak or 
Sylhet orange, to the markets of Bengal has been 
going on for generations. According to Sir George 
Bird wood, the orange and lemon of Garhwal, Sikkim 
and Khasis have been carried by Arab traders into 
Syria, “Whence the Crusaders helped to gradually 
propagate them throughout Southern Europe.”* 

The domestic animals found among these tribes 
are cows, bulTalocs, milhans, pigs, goats, fowls, dogs, 
cals etc. The chief animal among the Anganiis and 
Lushai Kukis is the niithan, while that among the 
Mundas, Santals, and Konds is cows and InifTalos. 
The main economic importance of the doine.stication 
of animals among the primitive tribes of India con- 
sists in supplying them with their protein rofiuire- 
menls in the form of meat. Other eeonoinic uses 
of domestic animals are ploughing, trading, hunling 
and .scavenging. A number of Synlengs in the 
Jaintia Hills depend 011 cattle-breeding for their 
livelihood. The Anganiis sometimes rear inilhaii for 
sale. The ^Iniidas, Santals and Konds use oxen ami 
buffaloes in ploughing. Dogs are reared by the 
Angainis and Lusha- Kukis for hunting purposes. 
Pigs arc the lirst-elass scavengers of the xillages of 
the hill tribe? of Assam, and contribute much to their 
sanitation. Dogs also iilay their part in scavenging: 
the villages. Apiculture or the rearing of bees is 
found aniong the Khasis and the Angaiiii Nfigas. 

The arts and crafts found among these primitive 
tribes are s]>inning, weaving, basketry, pottery, 
caipeiitry, blacksinitliy, iron-work, brass-work, oil- 
pressing, salt industry, and dyeing. The inajtirity 
of the above arts and crafts are practised by the 
ATongoloid tribes, whereas the Pre-Dravidiaii tribes 
are very poor in this respect. The Gonds and Konds 
have no handicrafts, their industrial requireiiieiils 
being supplied by low-caste llindu.*^ .settled in their 
villages. The Mundas luive only spinning and oil- 
pre-ssing. It should be noted that the art of oil- 
iiressing is present among the Pre-Dravidian tribes, 

‘Sir Geqtge Birdwood-- Introduction to the “First 
Letter Ikxik of the East India Company*', p. 36. 
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hut absent among the Mongoloid Indo-Chinese 
tribes, except the Kacharis. I am indelitcd to Prof 
K. P. Chattopadhyay of Calcutta University for the 
information regarding oil-press.* The Mundas have 
a strong prejudice against weaving, which they 
regard as a degrading occupation, only fit for the 
Panos (a Hindu caste) of the village. The efforts of 
the Roman Catholic Mission to introduce weaving 
among the Mundas have proved a failure. The 
Saiitals have no specialized crafts, and buy their 
industrial lequiremeiils from the Hindu artisans. 
According to Man, writing in 1867, the Santals “have 
weavers from their own tribe**, ami “each man is 
his own carpenter.**’ Ihit according to Dalton, 
writing in 1872, “They have no weavers among their 
own people.’*^ 

Of the Mongoloid tribes, the ('.aros and the 
Khasis (proi»er) are rather poor in arts and crafts ; 
but the Angami Nagas and Lushai Kuhis are richer 
in this respect. The Khasis proper arc entirely un- 
ac(inaiiilcd with the art of weaving, though it is 
known in the neighbouring Jainlia Hills where the 
spinning and weaving of both cotton and silk are 
found in a few villages. The Khasis knew the art 
of e.xcavaling and smelting iron ore, and the forging 
of iron implements therefrom. Put this industry, 
together with the cotton-spinning industries at IMyiiso 
and Suhtnga in the Jaintia Hills are dying out, as 
a result of competition from cheap Pritish goods of 
iron and cotton. The Angami Xagas, before their 
oomiuest by the Goveriiincut used to manufacture 
salt from brine wells. This salt industry has now 
almost .eonc out of u.sc. The moulding of brass and 
the forging of .simple iron implements, found among 
the Lusliai Kiikis, has been introduced, according to 
Shakespeare, by the raid cajitives from the plains 
of India or Purnia. 

The influence of the physical environment on the 
economic life of these tribes in general, and the 
method of procuring food in particular is obvious. 
All these tribes live in well-wooded hilly tracts rich 
in all kinds of forest products and game. Consc- 
(|iiently they show similarity in the method of pro- 
eiiring food. For, thev arc mainly collectors of wild 
edible fruits and roots, hunters and shifting culti- 
vators. But where there are open plateaus, as in 
Chota Nagpur and the central plateau of the Khasi 
Hills, we find fixed cultivation. This is the case 
with the danr and don lands of the ^Iiindas, and 
liigh grass land {ka ri lum) of the Kha.sis. Put in 
the forest tracts of the Khasi and Jaintia Hills the 

" K. P. Chattopadhyay- “Itidian Oil Presses and Oil 
Rxiraction”. Journal ' of the Indian Anthropological 
Institute, Vol. 1, Nos. 1 & 2, 1938. 

“ K. O. Man — Sonthalia and the Stmtlials, Calcutta, 1867. 

* E. T. Dalton — Descriptive Ethnology of Bengal, 
vnlculta,. 1872, 


Phots, Lalungs and Lyngngams .still i)ractise jhum 
or shifting cultivation. 

The inflticnce of the physical environment is 
also to be observed in the details of tccliiiirpie. h'or 
example, the Mundas and Khasis praeli.se dry culli- 
valion in their highlands, and wet cultivation in 
lowlands. This influence may be noticed oven in 
the method of sowing, h'or instance, the Mundas 
have buna or sowing broadca.st for their dtnir lands, 
and ropa or traii.s])hintalion for their don lands in 
the lK)ltoms of valleys. 

Put the influence of the physical enviioumeut is 
not omnipotent and detcrmiiiing. It sets certain 
limits within which there is sco]>e. for variations. For 
example, in the fixed cultivation of the wet type, 
the Mundas and Santals use the plough, whereas 
the Khasis and Angamis have 110 i>loiigh and einr>loy 
the hoc, though the physical eiiviroumenl is about 
the same. Again, though the Khasis j)n)per do not 
n.se the plough, the Syntciigs in the neighbouring 
Jainlia Hills use it in their wet eiillivatioii. (I am 
told by Mr. T. C. I>as of Calcutki Tbiiversily that 
nowadays the Khasis also are adopting plough eiilti- 
vatioii in the lower valleys). It seems that these 
variations are due to separate cultural traditums. 
The point may be further illustrated hy the fae/ that 
while the Angami Nagas and Tjishai Kukis build 
their villages on tops of bills, the Khasis choose sites 
a little below the tops, and the Garos prefer the 
valleys or depressions between hills for their village 
sites. In the case of the first two tribes, living in the 
mid.st of peoples fond of raiding each other, the con- 
sideration of .security determined their selection of 
the hill tops. Put the choice of the Garos was in- 
fluenced by the proximity of the source of water- 
supply. 

Now, I shall consider the <iuestion of lalxmr. 
There are some ill-informed peo])lc who seem to think 
that the primitive tribes arc very la/,y and that most 
nf their miseries are due to that fact. This is very 
far from the truth. The primitive tribes are by no 
means averse to hard work. As a 11 latter of fact, 
they have to work very hard, in the face of serious 
dangers of attacks by wild animals infesting the dense 
forests, merely to kee|) their body and send together. 
The cutting of a jhum or hewar or podii is a difliciilt 
as well as dangerous task. 1'he reclaiming of luiid 
from jungles for plough cultivation is a very haril 
job, and the vSaiitals have accpiired great skill and 
fame in that work. The terracing of hill-sides, em- 
banking and irrigating them, to make them lit for 
wet rice cultivation, rcfiuires an enormous expendi- 
ture of energy, and the Mundas, Santals, Khasis, and 
Angamis have been performing this arduous work 
for generations. 
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Work anioiiff the primitive tribes is not under- 
taken indiscriminately. There are certain tradi- 
tional principlCvS according to which labour is divided. 
The main basis for the division of labour among 
these tribes is sex. The functions usually re.served 
for women are the ciillection of edible fruits, roots 
and plants from the forests, cooking and other 
domestic work, ginning cotton, spinning, weaving, 
and pottery by hand. Among the Serna Nagas and 
Changs pottery is done exclusively by women, though 
among the Angami Nagas both men and women take 
l)art in it. The functions u.sually reserved for jnen 
are hunting, fishing, warfare, basketry, carpentry, 
hou.se-bnilding, and metal work. Cultivation is 
usually shared between the two sexes. Heavier tasks 
like jhum-cutting, [doughing, con.structing handhs 
and irrigation channels arc left to men, whereas 
women partici|)ate in transplanting seedlings, sowing, 
weeding, harvesting and threshing. (1 am indebted 
to Mr. T. C. Das for the iiifiirmation that jhum- 
cutting among the Naga and Knki tribes is shared 
between the two sexes ; big trees are cut by men, 
and small bru.shes by women). Among the Miuulas, 
who use bullocks in threshing, it is done l)y men. 
Minuhi women watch the rijiening crops in day time, 
while men keep watch at night. Sometimes women 
takej)art in hunting and fishing. Among the (laros, 
ill big liunling drives, women line the outside of the 
\’-sIiapcd .stockade, and by beating it with sticks and 
nlleriiig shrill cries, help in preventing the animals 
from escaping except through the opeiiiiigs made for 
them. Caro women also fish with the chekke, a 
scoop-like basket. In the excavation of iron ore by 
tlie Kliasis, women do the washing of the ore in a 
trough. 

The principle of sex division is sometimes ex- 
tended to the field of fine arts. The Jew’s harp is 
liraclically the only mnsical instriimeut that women 
can play among the Angami, Scnia and Lliota Nagas. 
Among the Sernas, the flute is a tal>oo to the women, 
and is played exclusively by men. Incidentally, it 
may be interesting to note here that the Hindu 
womenfolk of Hciigal have a ijrcjndice against the 
flute, and that if they (married women) hear the 
.sound of a flute while having a meal they would 
immediately stop eating and go without anything 
till the next meal. 

The princiiflc of dividing labour on the basis of 
age is not imich in evidence. A few cases may be 
noticed. Among the Clouds the ta.sk of watcliing the 
ripening crops is left to the old men and children. 
Among the Kntiah Konds, the children along with 
their mothers, puddle their wet fields with hands and 
feet. The Lnshai Kukis are assisted in their culti- 
vation by the children. Little Lushai girls help tlieir 
mothers in bringing up water in bamboo tiilxjs from 


the springs. Among the Angami Nagas, only old 
men are entitled to manufacture wooden dolls. 

Division of labour according to crafts or occupa- 
tioii is absent among the Pre-Dravidian tribes. Only 
rudiments of such division are found among the 
Mongoloid tribes. For example, among the Angainis, 
every large village has at least two or three indivi- 
duals who live either entirely or mainly by black- 
smithy. Among the Lushai Kukis, every village has 
a blacksmith who is also one of the village officials, 
and is paid at the rate of one ba.sket of rice from eacli 
householder whose tools he repairs. vSomc Angami 
villages keep a regular cowherd who is to look after 
the cattle of the village, and who is paid at the rale 
of two baskets of paddy per annum per cow by tlic 
owners of the cattle under his charge. 

The principle of specialization according to 
locality, though in a rather elementary form, is found 
among the Kliasis. For instance, among the vSyii- 
teiigs in the Jaintia Hills, the Khyrwang and 
Nonglung villages specialize in the manufacture of 
Kri silk cloths, Mynso in spinning cotton thread, and 
Suhlnga in weaving the la/rfci or sleeveless coat from 
Myiiso tliread. 

I'hc division of labour according to ethnic groups 
is present among some Prc-Dravidiaii tribes. I'or 
example, the (londs and Konds devote themselves to 
collecting, hiiiitiiig, fishing and cnllivalion, wliile 
low-caste Hindu artisans, resident in their villages, 
supply them with their industrial ret|iiiremenls. Tlie 
Siltras arc the metal-workers of the Konds. 'riiey 
make their battle-axes, brass oriianieiits, etc. Tlie 
Panos arc tlie weavers of the Konds, sometimes work 
for them as agricultural labf)urers, and provide tliciii 
with salt and many other necessities. 

Primitive labour in India presents another 
featurev and that is co-operative work. All forms of 
economic activity among the pritnilivc tribes proviile 
ample instances of the i)rinciple of co-o]>eralioii in 
lalxnir. J,et me take a few cases. Among the Konds, 
in the hot weather when food -supply gets low, an<l 
lieoplc Iiave to depend more on food-gathering fin' 
.subsistence, young men and women form parties for 
fishing and the collection of mahun fruits and olher 
jungle berries. In the collection of wild honey from 
the bee-hives in the crevices of precipitous rocks, tlie 
Kliasis form working parties of six or seven persons. 
All excellent example of co-operative labour is 
.siit)plied by the institution of age gangs among tlu* 
Seiiia Nagas. Evci*y inenibcr of a village, old eiioiiglJ 
to be independent of the care of the mother, belongs 
to a gang consisting of persons of about the same 
age. Gangs of unmarried persons are usually mixed, 
whereas a married person belongs to a gang of bis 
or her own sex. The cultivation of the fields is done 
by these gangs, whose membership usually lasts for 
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life. Each gang elects its own leader who decides 
what fields are to be cultivated each day. Every 
inenibcr of a village can depend on his gang for the 
cultivation of his fields, the conventional reiiiunera- 
lion of gang labour being rice and liquor. 

Co-operation in hunting is very well -illustrated 
by the Sanlals, Aiigainis, Lusliai Kiikis and ('.aros. 
who organiag large hunting parlies where whole 
villages take part. During the hot weather, from the 
middle of April, the Santals organize big hunts in 
which every able-bodied man in a Ifarf^ana «)r a group 
of villages, tries to participate. These hunts are very 
well organized. A common Santal is democratically 
elected to be the priest, sacrificer and master of the 
hunt, and is called dihri. The dihri fixes the tihie 
and place of the hunt, and also the place where the 
whole party is to assemble and spend the night. 
These hunts arc of great importance not only econo- 
mically, but also socially and j)olitically. For, in the 
night, these hunting parties form a hunt-council 
under the presidency of the dihri, which is the 
sni)remc authority in the pargana, and where all im- 
portant issues concerning the life of the people are 
raised, discus.'.ed and decided upon. It is in these 
councils that manjhis (village headmen) and pargci- 
nails (heads of parganas), who abuse their position 
in their selfish interest, can be brought to jnstiee. It 
is through these hniit-conncils that the voice of the 
l)eoplc speaks, and democracy is translated in 
vigorous action. 

The principle of co-operation in cuUivalitm, 
shifting as well as fixed, can be illustrated by the 
practice of the Angamis and Santals. In those 
Angami villages where jhuming is practised, it is 
the custom for the whole village or at any rate the 
dan to jhuin collectively. There is no case of an 
individual household jhuming an isolated patch. 
Again, in digging and puddling wet terraced fields, 
an Angami receives help from his friends or kindred, 
each going to work in the fields of those who helped 
him. In such cases of co-operative labour, payment 
is made, in the form of a mid-day meal, by the 
owner of the field on which work is being done at 
the moment. A very good example of co-operation 
in cultivation is given by the Santals. The enormous 
task of constructing, maintaining and repairing large 
bandits or embankments for irrigation purposes, 
which is far beyond the means and enterprise of the 
individual, is performed by the entire village com- 
niimity, and every member of the community .shares 
in the resultant benefit. 

The next question to be discussed here is whe- 
tlier the institution of slavery exists among the 
primitive tribes of India. Before 1 answer this ques- 
tion, I would explain the socio-economic significance 
the institution, Slavery is a quantitative division 


of labour where some people are compelled to labour 
for others, and the whole personality of tlie farced 
labourer is completely absorbed. This is the sense 
ill which the term slavery has been used by h'uehta 
and Nieboer among others. Nicboer defines the slave 
as “a mar who is the property or i>osscssion of 
another man, and forced to work for him**.’’ 

The iiisitiitioii of slavery exists among the 
Mongoloid Indo-Chinese tribc.s, though it is cons- 
picuous by its absence among the Pre-Dravidiaii tribes. 
For example, the Ani»ainis enslave the prisoners of 
war. Among the Lushai Kukis, persons captured in 
raids who are called sal, are the property of the 
captors. The inpuichhun:^ boi of the Lushai Kukis, 
i.c., widows, children and others incapable of main- 
taining themselves, who take refuge in the chief's 
house, and do all sorts of manual work for him, c.g., 
domestic work, jhuming, fetching wood and water, 
making cloths etc., in exchange for food, clothing 
and shelter, can be cla.ssed as slaves with two limita- 
lions. The first limitation is that they are free to 
iiHive from one chief’s house to another, and the 
.second is that they can purchase their i)crsoiial free- 
dom by paying one mithan or its ctinivaleiit in cash 
or goods. Even when they purchase their freedom 
they are known as inhrang boi, and are compelled to 
give the chief a hind leg of any animal they kill, aird 
help him if he is in want of rice. An inhrang boi also 
can go to the chief fi)r assistance when in want. 
Incidentally, it may be mentioned here that the 
custom of inpuichhung boi of the Lushai Kukis serves 
as a sort of social security for the helpless members 
of the community. Among the K basis, the punish- 
ment of the convicts sonielimes leads to the confisca- 
tion of their property and personal freedom, and the 
enslavement of tlie convicts and their families by the 
Sieiii or Chief. 'I'he slaves among the Garos are culled 
nokol as distinguished from the nokoba or freemen. 
But the Miindas, Santals, Gonds and Konds do not 
show any trace of slavery. The meriah victims of the 
Konds cannot be regarded as slaves, as they are not 
forced to work. 

in coniicctinii with slavery, one correlation is 
noteworthy, the correlation between slavery and the 
institution of chicftaiiishii>. These two institutions 
seem to go together. Tlie Mongoloid Indo-Chinese 
tribes have both chieftainship and slavery, whereas 
the Pre-Dra vidian tribes have none. 

The hist point to be considererl in this chapter 
is the organization of production. Though in the 
final analysis the family or household is the basis of 
such organization, it carries on productive activities, 
not in isolation or as it pleases, but in the broader 
framework of the village organization. The basis 

^ H. J. Nieboer— Slavery as an Industrial System, 2nd 
edition, Hague, 1910, p. 8. 



78 


SCIENCE AND CULTURE 


Vol. X, No. 2 


of this village organization is, among the Mongoloid 
Indo-Chinese tribes, more or less authoritarian chiefs 
assisted by nominated village officials, while among 
the Pre-Dra vidian tribes it is the democratic village 
community with elected headmen and otlier officials. 
For example, among the Lushai Kukis, each village 
is ruled by a lal or chief. He apiwints one or more 
(elderly councillors) and a number of village 
officials — ramhual and tlangau — to assist him. The 
function of the ramhual is to select the place for 
jhuining, and he has the first choice of land for the 
purpose. The ilangau arranges the division and allot- 
ment of the work of the village, c.g. making a road, 
repairing the Zawlbuk (bachelors* hall) etc. The 
ilangau is paid for his organizing work with a small 
basket of rice from each house in the village. 
Coming to the Pre-Dravidiau tribes, the village com- 
munity of the Santals, and the par ha and muta 
organizations of the Mundas and Korids respectively 


are ver>' similar to each other, and represent excellent 
examples of a compact, well-organized, democratic 
village community. To take the case of the Santals. 
Kvery Siuital village has a manjhi (headman) and 
six other elected officials. One of these officials- 
the /)aramanife— may be called the economic organizer 
of the village. His duties include attending to farm> 
ing arrangements, apportioning lands, preventing 
the monopoly of specially fertile rice lands by any 
one individual or individuals, looking after tlu- 
interests of new settlers, providing for guests, and 
levying contributions on the villagers for the last 
named purpose. All these officials arc reimineratoil 
by man or rent-free land. The Santals have a tradi- 
tion of an annual ceremony in the month of Magh 
when all the village officials surrender their offices 
and lands to the people of the village. A week later, 
they stand for re-election and arc usually accepted. 


flotes anb flews 


TECHNICAL MISSION ON FERTILIZERS 

The Technical Mission on Fertilizers from 
United Kingdom, headed by Mr O. S. (rowing, has 
arrived in India. The purpose of the Mission, it is 
understood, is to advi.se the Government of India 
on the manufacture of chemicjil fertilizers in this 
country. Immediately after its arrival at Delhi, the 
^lission is reiwrted to have met in a conference with 
members of the Reception Committee constituted l)y 
the Government to place at the Mission’s disposal all 
available data in this connection. The di.scu.ssions 
centered round the technical aspect of the iiuestion 
of soil survey, availability and utiliziition of raw* 
materials and power and ([uestions of the manufac- 
ture of ammonium sulphate and ammonium nitrate. 
The question of the proper location of fertilizer in- 
dustry was also discussed, but no decision is reported 
to have been reached. We also understand that no 
conimittneut has yet been made on financial (luestion. 
It api^ears, so far as it can be guessed, that the enter- 
prise will be a Government one financed jointly by 
the Central end Provincial Governments and the 
States. 

The Mission has left Delhi for a forty-day tour 
in various places of India, which include Patna, 
Calcutta, Cuttack, Tatanagar, Dhanbad, Madras, 
Mysore, Bangalore, Hyderabad and Bombay and is 
expected to return to Delhi on August 4. 


In our editorial article of the June issue of 
Science .\nd Cui/ruRE, vve already expressed grave 
doubts as to the wisdom of inviting such technical 
missions of foreign experts for short commissions. 
During recent years it has become a fashion with 
the Government of India to invite foreign technical 
missions to advise us on technical matters. The 
activities of the U. S. Technical Mission headed hy 
Dr Henry Grady, which visited this country during 
April and May, TQ42, are still fresh in our menioiv. 
In fact, we object to the practice of invilinii: 
scientific, technical, or economic missions, partly or 
wholly composed of foreigns, on principle. No such 
proceduie is adopted in any independent country. 
Wlien a country like, say Sweden, wants to lake 
advantage of .some technical process or scientific dis- 
covery elaborated in another country, say U. S. A., 
it forms a scientific mission of its own scientists and 
sends them to the foreign country to establish con- 
tact with the parties concerned who may be Ooveni- 
nient Departments or manufacturing concerns. The 
.scientists so cho.sen need not be experts on the parti- 
cular subject, but such as arc able to understand the 
processes and carry on the talks and conversations. 
Such a system has great advantages. Tlie mission 
is guided entirely by the countries’ interest, and 
gains an experience which b valuable for the country 
and may be utilized on all subsequent occasions. 
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This time the very technical conipcteiicc of the 
exi)erts, all foreign, constituting the Mission has 
been called into question. In India, a fertilizer plant 
has already been built in Mysore and is being success- 
fully operated by Mysoreans, thanks to the initiative, 
foresight and zeal of her statesmen. The unpleasant 
fact of the exclusion of Tndmii exj)erts from the 
Mission has been knaively concealed under cloak of 
of the newly created Reception Coinniittee composed 
of Indian meinbcrs whose chairman, Sir James 
Pitkcatlily, is again a non-Tiidian. 'I'lie Reception 
Committee, although 'a novel device, is a super- 
fluous creation and was never heard of in India 
before. 

The experts of the foreign mission have not 
come on philanthropic mission ; they have the com- 
mercial interests of their own country or employer 
in view. Further, their interest is only lemiiorarv, 
and after they submit the report which, as in the 
case of most reports, will soon be forgotten by every 
body and probably calen by white ants in the Delhi 
archives, Ihey will have forgotten everything about 
their own recommendations. 

LONG-RANGE WEATHER FORECASTING 

Dr CiT\Ri.K.s G. Aubot, Secretary of the Smith- 
smiian Institution, in course of bis recent Twelfth 
Arlhur I.ecturo, discussed the possibilities of long- 
range weather forecasting from a study of the varia- 
lidus in solar energy received by the earth. It is 
well-known that the earth, at a distance of 93,000,000 
miles from the sun, is incessantly receiving sol.ar 
energy e.iuivalent to 250,000,000,000,000 horse- 
iu)\vcrs. The rate of reception of this radialion is 
m.l steady, but it fluctuates in a peculiar way of which 
thu cause is .still imperfectly understood. The varia- 
linn is characterized by cycles or rhythmic curves, 
nf which Dr Abbot has identified not less than 14. 

1 1 seems highly probable that such ihiclualion in 
M)hw radiation is directly related to the sun si>ots. 
Imeh sun spot pours out a great conical si way i>r jet 
of electrically charged particles which sweep in vast 
eiieles as the sun makes its 27-day revolutions about 
its axis. The radiation from the sun suffers scatter- 
inu from these particles and hence a loss of intensity 
ill a particular direction. Loss of intensity on the 
earth, which generally lies between i to 5 per cent., 
takes place when such a spray sweeps across the 
earth. ^ 

Dr Abbot has applied the knowledge of the 
variations in solar radiation to the study of the mete- 
orological conditions on the surface of the earth and 
fias made a number of successful trial forecasts 
during recent years. Mention may be made of his 
prediction that the rainfall in the Tennessee Valley 
during a given three-month period would be between 


84 i)er cent, and 87 per cent, normal. Later 
measurements during that period, when it came, 
indicated a rainfall of 87 iMir cent, normal. In con- 
nection with his another experiment on w^eather 
forecasting for Washington, D.C., he informed the 
Chief of the W'eatlier Ihireau that in a certain list 
of dates in 1943 the average daily precipitation would 
he higher than on the remaining dates of the year, 
'riie selected dales were e.xpected to show i ‘66 times 
the average rainfall of the non-selccted dates. The 
actual ratio, for the 175 selected dates compared to 
igi lion-selected ones, proved to be 158, which is a 
satisfactory agreement. Dr Ablnit has made another 
inleresling long-range forecasting that great droughts 
resulting in the serious lowering of water level in 
the (.'.reat Lakes will come to pass in the North-West 
in the years 1975 and 2020. 

T. V. A. ELECTRO-CHEMICAL INDUSTRIES 

Tiih great jwogress of the electro-chemical 
industries associated with the hydro-electric jdants 
of the Tennessee Valley Authority has been outlined 
in the annual report of the Authority, issued recently. 
This progress is due mainly to the substantial in- 
crease in the output of electric power which now 
amounts to 9,000 million units compared to 5,556 
million in 1041, as recorded in an earlier issue of 
our journal (Vol. IX, No. 10). Three-quarters of 
this power is now used for war purposes. The 
fertilizer plant at Muscle Shoals is now producing 
large quantities of ammonia and ammonium nitrate 
for explosives, elementary phosphorus for incen- 
diary lionibs and smoke screens and carbide for 
s>'i)lhctic rubber. It is stated that 13,600 tons of 
aiiininiiiiim nitrate were diverted from military 
allocation to civilian use as fertilizer. 6o,2cx) tons 
of concentrated super phosphate and 7,300 tons of 
calcium metaphos[)hate were produced during the 
year ended June 30, 1043. We further understand 
that TVA has planned to produce 15,000 tons of 
dicalcium phosidiatc, which will be used to replace 
bone meal in farm animal feed. TVA fertilizers 
containing the (iptimum amount of phosiihoriis have 
been found to increase the crop yields on experimen- 
tal farms l)y 30 per cent. It has been estimated 
that if the yield of crop is to be similarly increased 
Ihrongliout U.t^.A., her present production of 
1,712,000 tons a year will have to be doubled. 

A TESTING LABORATORY IN SOUTH AFRICA 

Thk recent recommendation of the South African 
Standard Institution, according to a report in 
Science, for the creation of a National Standards 
Testing and Investigational Bureau to be set up Iw 
the (iovemment bears testimony to the increasing 
recognition of the importance of science in South 
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Africa. Siicli a bureau would act as a national 
standardization lalxjratory and would carry out or 
arrange for investigations and tests in connection 
with staiidardizatiou. Its functions would include the 
testing and calibration of j^recision instruments, 
gages and scientific apparatus, the determination of 
the degree of accuracy with regard to fundamental 
standards and finally the preparation of certificates. 

Testing and investigations on behalf of the 
South African Standards Institution and others would 
Ik* done either by delegating the work to ai>proved 
institutions or by providing laboratory facilities. 
Such testing would include physical or chemical 
exaniinatioii of materials and products and tests of 
their use and performance. 

The bureau would also a.ssist the South African 
Standards Institution in investigating any (luestions 
affecting the preparation of its standard specifica- 
tions. It would provide facilities for testing gooils, 
articles and materials purchased on specification to 
decide whether such materials comply with the 
specification, and would act on behalf of the Gov- 
ernment in testing locally manufactured and iinportetl 
goods with a view to determining whether the goods 
comply with the regulations laid down by the Mer- 
chaiidise Marks Act or any other act and to verify 
standards. It would also test manufactured products 
and carry out investigations and inspections to 
enable the South African Standards Institution and 
other standardizing bodies to control their marks. 
In addition to all this, it is suggested that the 
bureau would al.so assist the Government depart- 
menls in any tests which may require to be 
undertaken. 

BRITISH RADIO RESEARCH INSTITUTE 

AccoRniNG to a report of Naluie, March i8, 
T944, Ihc Hritish Institution of Radio Engineers has 
recently recommended the creation of a British Radio 
Research Institute. The need for such an institute 
is now urgently felt in that country in view of the 
lack of opportunity for conducting basic research in 
radio and electronic sciences. At present research 
is mainly concentrated on short-term problems with 
promise of immediate practical applications and early 
financial returns. Facilities for long term funda- 
mental research with no such immediate prospects 
are now available with difficulty owing to financial 
limitations. Accordingb' the Institution advocates the 
formation of a Radio Research Institute to provide 
facilities for the equally important basic research in 
radio and allied sciences. It is ^iggcsted that such 
an Institute, when created, should be financed jointly 
by the industry and the Government, the latter pro- 
viding grants of at least equal amount. The board 
resiwnsible for the direction of the Institute’s work 


should consist of the representatives of the Govern- 
ment, the industry, the B.B.C., the Services, the 
British In.stitution of Radio Engineers, the associated 
professional institutions and the universities. It 
should have a permanent scientific staff and should 
receive the co-operation of the industry and the 
universities in the matter of assistance and eiigage- 
meiil of extra-mural workers. Another important 
.suggestion is that the institute should extend to all 
countries within the Commonwealth opiKjrtunities 
for particit>ation in its research work. 

Thanks to the impetus of the war, the radio 
has already developed into a highly important 
industry. It is reasonable to expect that in the post- 
war period the radio industry will supply capital 
goods on a scale equal to many of the older industries. 
Benefits derived from research associations in other 
branches of development encourage the hope that 
the radio industry will be similarly benefited by the 
formatiem of a Radio Research Institute of the type 
contemplated. It is further stated that if the 
present turnover for the radio jiidu.stry be assumed 
to be about jfiao, an allocation of only o*a5 per cent., 
with Government giants, will iwoducc an income 
c'oiiq^arablc with that of other research associations. 

ALL-INDIA RADIO 

This All-India Radio has recently is.sued a reporl 
on the progress of broadcasting in India during the 
five years of existence of tlie war. Since its publica- 
tion of the first comprehensive report in 1940, cover- 
ing its activities up to April 1939, the A.I.R. has 
undergone several vital changes and great expansion 
in its activities, thanks to the exigencies of the war. 
Although originally designed for internal services, 
the A.I.R. no longer confines its activities within 
the borders of this country, but has extended its 
Held of broadcasting services beyond lier frontiers 
to the four continents of the world. I.'p to i()39, it 
inaintaincd a basically internal service and operated 
from its eight stations and thirteen transmitters. 
The A.T.R. now controls twenty transiiiilters, of 
which the latest to be installed were two high-powered 
100 k.w. short-wave transmitters capable of direct 
point-to-point transmission from Delhi to London. 

But the setting up of the Broadcasting House 
in New Delhi in place of the Studios in Old IXdlii 
marks the most significant advance in the great 
(leveloi)ment of the broadcasting services with whicli 
A.I.R. is now credited. Although the coiislructioii 
of the House was long under contemplation, it \ias 
postponed for an indefinite time. The construction 
of the building became inevitable when the A.I.R., 
under the pressure of war, Tiad to take the vital 
decision of installing the high-powered transmitters. 
Architecturally and from the view point of equip- 
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metit, the Broadcasting House represents the latest 
developments in radio-engineering. Of twenty trans- 
mitters today, Delhi alone has a concentration of 
nine, including the high-powered loo k.w. short- 
wave transmitters. All these developments at Delhi 
have made po.ssible the centralization of the news 
service, with the result that all special facilities 
required for rapid and efficient broadcasting of news 
have been concentrated at one point. 

The technical expansion has brought about a 
rapid growth of the A.T.U.’s activities on the pro- 
gramme side. Within a month of the outbreak of 
hostilities, the total transmission output from all 
A.l.R.’s stations increased from 45 hours to 75 hours 
daily. The extent of its expansion is further reflected 
from its programme contents which include, besides 
the normal mainstay of musical entertainment, news 
in nine Indian (and fifteen non-Indian) languages, 
news commentaries, talks -topical, informative and 
cultural — features, plays special prograninies for 
schools, universities, villages and industrial areas, 
women's and children’s hours and broadcasts for 
Indian, British and American forces. The relations 
between A.I.R. and B.B.C., always cordial — have 
l)cconie more closer than ever. From September 2, 
Kjv), A.I.R. began the daily relay of B.B.C.’s 
o-.^o ]).tn. (l.S.T) news bulletin broadcast by the 
Central News Organization as an organic part of its 
news service. On retiucst from B.B.C., special 
])r<)adcasts have been prepared and transmitted for 
rebroadcast from London. Studio and transmission 
facilities are given to B.B.C.’s news corresiKiiident in 
India. The rci)ort further records greater co-ordina- 
tion between various stations. 

While wo appreciate the amount of progress 
made by the A.I.R. during the last five years, our 
attention is drawm to the significant proposal by the 
Ihitish Institution of Radio IJngineers for the crea- 
tion of a Radio Research Inslilute in Great Britain. 
'i‘he need for the creation of a similar Radio Research 
Institute in India is also strongly felt in India and it 
is high time that this problem should receive the 
serious attention of Indian scientists, the indus- 
trialists and the Government. 


INDIAN WATERWAYS EXPERIMENT STATION 

Thk name of the Central Irrigation and Hydro- 
dynamic Research Station, Poona, has been changed 
into “Indian Waterw-ays Experiment Station*', ac- 
cording to a notification published in the Gazette of 
India. The Station, recently put on a permanent 
basis by the Government of India, was originated 
24 years ago under the Bombay Government at Poona 
by Mr C. C. Inglis, then Executive Engineer, 
Special Irrigation Division. In its early days, ex- 


periments were conducted at Hadapsar with models 
designed to solve various hydrodynamic problems 
concerning irrigation in Bombay and Sind— specially 
in connection with the design of the Sukkar Barrage 
vScheine and the Deccan Canals, then being con- 
structed. 

In TQ25, it W'as found that the discharge avail- 
able at the vStation was insufficient for carrying 
out several large-scale model experiments simul- 
taneously ; and, as exceptional facilities existed at 
Kliadakwasla situated about 11 miles from Poona, 
where water could be drawn straight from Lake Fife, 
new models were constructed there. In 1934, the 
original Station was totally transferred to Khadak- 
w^asla, where it has been working ever since. In 
^937* it was taken over by the Government of India 
to serve the whole of India. Mr Inglis was ap- 
pointed its first Director, a position which he still 
holds. 

The outstanding features of the Station are that 
there are 11 independent sources of supply, the dis- 
charge of each of w'hich can be maintained absolutely 
constant ; no pumping is rerjuired ; w’ater is free 
from sand and is normally clear except during floods 
in July to September, and the temi>eraturc of the 
w-aler is constant tliroughout the da\’ and varies very 
little throughout the year. The vSlalioii comprises 
an area of t6 acres. Twxdve models are normally 
under investigation at the same time, in addition to 
.some 20 demonstration models. 

During the last 7 years, <<yer 100 important 
investigations have been carried out at the Station. 
These included the protection of bridges over rivers 
and the prevention of excess sand entering canals. 
This was applied in many cases, the most imiwrtaiil 
being the right bank canals at Sukkar which wx*re 
rapidly going out of service due to the excessive 
charge of bed sand entering them. River training 
in tidal and non-tidal waters was another important 
line of research, and a number of important principles 
have been established in connection with the value 
<}( attracting, deflecting, and repelling spurs for con- 
trolling rivers, the factors determining tlio size and 
sliaiH? f)f meanders, the relation between rainfall and 
run off, the effect of silt w’a.shed into rivers w’lien 
hill denudation occurs, and the rate of silting of 
reservoirs. 

INDIAN INSTITUTE OF SCIENCE 

I 

At the Seventh Annual Meeting of the Court 
of the Indian Institute of Science, Bangalore, held 
on July 3, 1944, Sir M. Visvesvaraya, President of 
the Court, while presenting his opening address, said : 

“There have been two notable developments 
during the past year. One is the institution of 
aeronautical and automobile engineering sections in 
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the Institute for which the Government of Mysore 
has sanctioned a capital }>Tant of Rs. t lakh and an 
annual recurring grant of Rs. 15,000. An additional 
grant of Rs. 2 lakhs for laboratory equipment in 
aeronautical engineering has been sanctioned by the 
Ooverninent of India. The second is the sanction, 
also accorded by the Goverment of India, of a further 
grant of Rs. 1,30,000 for a new department of 
metallurgy.* * * 

The estimates of income and expenditure pre- 
sented to the Court a])pear to be satisftictory. It may 
he of iiilerest to the members to note that during the 
inlervvar peridil, TQI9 to 1939, the average income 
and expenditure of the Institute remained practi- 
cally stationary at about Rs. 6 lakhs. The increase 
which began in 1939 has continued and the actuals 
of income and expenditure from ist April 1943 to 
3Tst ^larch, 1044 stand at Rs. 15,78,617 and 
Rs. 16,63,451 respectively. The estimates of income 
and exiieiiditure for the session 1944-1945 is shown 
to be Rs. 19,27,378 and Rs. 21,76,535 re.spcctively. 

The opening balance of the new academic year 
— beginning from ist July, 1944 available for ordi- 
nary expenditure stands at Rs. 4,91,799 and the 
closing balance on the 30th June, 1945 is likely to 
stand at Rs. 1,97,992. There is thus a decrease of 
about Rs. 3,90,000 expected in the opening balance. 
Tliis decrease is due to the fact that the Institute 
has been iinancing, either wholly or partly, out of 
its own resources the following projects: — (i) New 
Departments of" Aeronautical Engineering, 
Rs. 1,00,000 ; (2) building a Dining Hall, Rs. 60,000; 

(3) Contribution to the Cosmic Ray Research, 
Rs. 40,000 ; (4) Air Raid Precaution Measures, 
Rs. 10,000 ; (5) Dearness Allowance during War, 
Rs. 40,000 ; (6) Financing Industrial Research as per 
item 14 of the Hudgel to the extent of Rs. 1,30,000. 
it may be added here that there is also a hidden 
reserve in the Suspense Account of the Institute to 
the extent of Rs. 78,000 which will eventually be 
transferred to the opening balance. 

Several new .schemes have l)een initiated since 
this Court met last year. The most notable feature 
of the year's history is tliat the Government of India 
which was giving only a fixed grant of Rs. 1,50,000 
annually ever since the Institute wa.s .started in 1911, 
has this year increased the grant to Rs. 7,70,000.* * * 
I understand the Government of His Highness the 
Maharaja of Travancore has agreed to give a re- 
curring grant of Rs. 3,000 from this year. 

It is gratifying to learn that the income of the 
Institute from applied research is .steadily on the 
increase. The actual income in 1943-1944 was 
K.S. 35 ,Sv1o and the income expected from the same 
source in 1944-1945 is Rs. 80,000. The major part 


of this income has, I learn, been derived from the 
activities of the Biochemistry Department of whose 
work in this respect I may speak with high appre- 
ciation. 

The subjects chosen for applied research were 
mainly suggested by the Board of Scientific and In- 
dustrial Research, the Imperial Council of Agricul- 
tural Research and by the War and Supply I^part- 
ments. 

The total e.xpendiliirc is shown under items 14 
and 17 of the expenditure head and it conics to 
approximately Rs. 1,76,000. This is exclusive of the 
exiienditiire and income which are brought under 
the head “Suspen.se** and used for the purpose of 
manufacture of war chemicals. This should nor- 
mally be considered as research effort which give.s 
pilot plant experience to workers. 

The Director wishes the interesting news to be 
made known that the Institute has been able to 
produce the drug ‘penicillin’ from raw materials avail- 
able in India by a method which is far less time- 
consuming than the standard methods. * * * 

Some nine proposals have been put forward by 
the Joint-Committee for future development. i 
understand the iiroposals have been carefully con- 
sidered and generally approved by the Council. 'J'he 
proposals are : — 

(1) That plans and estimates be prepared with 
the aid of experts for bringing into existence a 
department of metallurgy (a very important deve- 
lopment), and attempts be made to secure funds 
for the purpose ; 

(2) 'I'hat a department of applied mechanics with 
special reference to the study of internal combus- 
tion engines, with a view to their manufacture in 
India, be started ; 

(3) That the department of aeronautical engi- 
neering be equipped and staffed on an U])todate and 
adequate ..cale ; 

(4) 'I'liat tile department of electrical technology 
be split into a department of electrical engineering 
which should progrc.ssively be converted into a purely 
research department, and a department of communi- 
cation engineering, which will be a centre both for 
]K)st-graduate teaching and research in radio coin- 
nninication ; 

(5) That the training course in chemical engi- 
neering be extended over six terms and that more 
adequate arrangements be made for imparting this 
training in the deiiartinent of chemistry ; 

(6) That a central power distribution house 
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should be established in the Institute at an early 
date ; 

(7) That a first class Research Workshop of 
Mechanical Engineering with a suitable staff 
attached to it, of fuel engineers, chemical engi- 
neers, mechanical engineers, and metallography ex- 
perts who by close co-operation and intimate team- 
work would be able to solve the problem of design 
and construction necessary for the erection of indus- 
trial plants for various manufacturing tirocesscs 
which are now being developed in India, be created 
at the Institute and that this Workshop should be 
an integral part of the Mechanical Eiigineeriiig 
Department ; 

(8) That the possibility of opening a department 
of fuels and refractories be kept in view ; and 

(9) The central services such ns maintenance of 
lands and buildings, and maintenance of electrical 
installations, gas and water, and sanitary arrange- 
iiiets should be placed under the control of the Re- 
gistrar, the Council arranging for regular super- 
vision by experts, who may be appointed from the 
members of the Institute and paid suitable allow- 
ances. (The object of this last change is slated to 
be that professors of tlic Dcparlniciits should be re- 
lieved of the routine administrative duties in this 
connection and should thus have more time to devote 
to tlieir legitimate work of research and teaching.) 

I understand that the recent action taken by the 
Council leads one to hope that all the proposiils with 
the exception of Nos. (7) and (8) embodied in this 
plan will soon mature. It is hoi>ed that the other 
two items which are also of paramount importance 
will be taken up in the coining year.* ♦ * 

In 193S, the affairs of the Institute had reached 
a low ebb and the stagnation was mainly due to 
lack of funds. A Court formed • a part of the Con- 
stitution but it never met. A President had been 
appointed who never presided. There was a Visitor 
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who never visited. Now, however, altliough it is 
still war time, affairs seem to he brightening. 

The chief cause which has contributed to this 
favourable turn is the rai.sing of the grant of the 
Ciovcrnment of India whicli stood as already stated 
at Rs 1*50 lakhs for over 30 years to Rs. 7' 70 lakhs 
for the first time. 

It will not be superfluous to reiieal, that this 
has been due to llie hapi)y combination of a sympa- 
thetic Chairniaii and members of the Council, the 
meiiibers of the Joint-Committee of the Ctmrt and of 
the Council, and the Director Sir J. C. (Ihosli. The 
Joint-Committee appointed for the first time in 
March, 1040 under the Chainiianship of vSir V. N. 
Chaiidavarkar has done iiinch valuable work. The 
members of the Joint-Committee who have given a 
generous measure of attention to this work have 
been besides Sir J. C. ('hosli, Sir V. N. Cliaiida- 
varkar, Professor M.. N. vSaha. Principal O. R. 
Paranjpc and last year ^Ir J. Mohanied Imam and 
Mr S. G. Sastry. In the first two years of the work- 
ing of the Joint-Committee, the services of Dr 
Syaiiiaprasad Mookerjee were of special value.** 

PROF. B. B. RAY 

Wk deeply regret to record the death of Professor 
Ridhu Bhushan Ray, Khaira Professor of Physics, 
Calcutta University on July 29, in his Calcutta resi- 
dence at the early age of 50. Prof. Ray was as.s<wiatcd 
with SciENca ANJ> Cui.TURK froiii its very inception 
and the first issue came out in June, 1935 under his 
editorship. A detailed account of Prof. Ray will 
appear in the next issue. 


AN ERRATUM 

On page lo, column i, lines 33 and 34 of July, 
1944 issue of SciHNCK and Cui/ruRK, read one per cent. 
for ten per cent. 
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SYNTHETIC DRYING OILS 

Tiik use of tuniij oil as a natural drying oil is 
widely known. Although tuiig oil is the best of all 
natural drying oils, it suffers from a nuinl>er of 
limitations, of which the most remarkable is its lack 
of uniformity. Considerable progre.ss has recently 
been made in the development of synthetic drying 
oils which are now being increasingly used in place 
of tung oil with varying degrees of success. In fact, 
there arc now strong evidences that in the post-war 
period i)aint and varnish industry will come to 
deiHjiid largely on synthetic drying oils, and the 
natural tung oil will be relegated to the Imckground. 
In an able article on *Post-War Developmcnt.s in 
Syiilhetics*, api»earing in Chemical and Engineering 
News, January 25, 1944, J. Edimind (lood, Vice- 
President of XVoburn Chemical Corp., New Jersy, 
has sumniarized the present position with regard to 
synthetic drying oiks, an account of whieVi may be 
of interest. 

It is now generally accepted that the characteristic 
properties of tung oil arise principally from the con- 
jugated position of the double bonds in the tung oil 
molecule. This has been a most important study and 
has served as a guide in the development of the 
synthetic product in whose molecules the conjugatetl 
position of the double bonds has to be maintained. 
Drying oils have so far been successfully synthe- 
sized from castor oil, linseed and .soyabeeii oils. In 
these three cases it has been iK)ssible to introduce 
the double bond characteristics in their molecules. 

The first successful attempt to produce the mole- 
cular characteristics of tung oil was made with castor 
oil which is a non-drying oil in its natural state. 
This has been effected by subjecting it to a proce.ss 
of dehydration, which consists in abstracting a mole- 
cule of water from the castor oil molecule. The 
method differs from the Scheiber process in the fact 
that the conversion is made without first cotivcrting 
the oil into a fatty acid and then esterifying the fatty 
acid. Dehydrated castor oil has proved a successful 
drying oil and has been received well in the industry. 

(^wing to the shortage of castor beans in 
U.S.A., normally importing this agricultural product 
from Brazil and India, attempt was recently made 
in that country to impart the tung oil characteristics 
to linseed and soyabean oils. An altogether 
different process is, however, followed in the con- 
version of these oils. Glycerol is first extracted from 


the molecules of both the oils. The linseed oil yields 
the Conjulin fatty acid and soyabean oil the Con- 
jusoy fatty acid. These fatty acids are characterized 
by the presence of the conjugated i^osition of the 
double bonds in their molecules. Either of these 
conjugated fatty acids may then be processed and 
cstcrificd and the reriuircd drying oils obtained. 

The Conjusoy drying oil derived from .soyabean 
oil is as good as dehydrated castor oil in its resem- 
blance with tung oil. It is colour-retentive to a high 
degree and retains the flexibility of dehydrated castor 
oil. Isomerized linseed oil, known as Conjulin drying 
oil, approaches tung oil more closely than has been 
l)ossiblc for dehydrated castor oil or Conjusoy oil. 
Conjulin oil has its gel time slightly greater than 
that of tung oil, but has u greater water resistance, 
as has been indicated in numerous tests. Its film is 
tough and hard rather than brittle, and it retains 
flexibility. In the manufacture of insulating 
varnishes, wrinkle finishes and baked finishes of all 
kinds, isomerized linseed oil serves as a satisfactory 
substitute for tung-oil. 

In addition to the dehydrated castor oil and 
isomerized linseed and soyabean oils which have 
reasonable chance of replacing natural tung oil in 
future, a number of less satisfactory synthetic oils 
have also been developed during recent years. vSucli 
synthetic drying oils include segregated fi.sh oils, 
pentaerythritol esters, oils fortified '^ith maleic 
anhydride and other dibasic acids, all of which have 
been u.sed with satisfaction for specific purposes. 

PREFABRICATED HOUSES 

Thk introduction of prefabricated hou.ses marks 
an important advance in building construction, 
^ladc in the factory, such houses are now being in- 
creasingly UvSed for war purposes and bid fair to offer 
a satisfactory solution of the serious shortage of 
housing accommodation, apprehended at the end of 
the war. Even before the war, prefabricated houses 
are reported to have been used in America to house 
the large number of workers concerned in the great 
Tennevssee Valley hydro-electric scheme. Some im- 
portant constructional details of such factory-made 
hou.ses, as they have been put up by one Uni-Seco 
Structures, Ltd. in Great Britain, have recently 
api>eared in a short note in The Chemical .dju 
(April I, 1944)* to which the attention of our readers 
may be drawn. ^ 
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The case of single-storey houses with three 
rooms has been described. Erection tinic of such 
houses is about 730 man-hours, which means that a 
team of eight men requires less than two weeks. 
Such gain in time has been i)ossiblc through the 
use of building units considerably larger than the 
units of traditional construction. The building units 
of w'hich the walls arc made measure 7 ft. 4 >4 in. 
by 3 ft. 2 in. and consist of a rigid insulating core 
of wood-wool bonded with cement and faced on both 
sides with flat edges by a light tim])er fraifie. Such 
units are claimed to be as good as ri in. non-cavity 
brick wall so far as heat insulation is concerned. 
External joints between units are treated with a 
mastic comiiound to make lliciii weather-proof. The 
floor units are made of resin-boiided plywoods ; the 
largest floor unit, with a si^aii of 12 ft. g in., can be 
easily handled by two men, as can all other units, 
and coinpoiieiils in such prefabricated buildings. The 
standard beams, columns, and eaves are also of 
stressed skin construction and built up of resin- 
bonded plywood firmly keyed to diaphragm spacing 
members. The use of idywood for the construction 
of houses was formerly discouraged owing to the 
failure of the glues to resist the aeli«)ii of weather or 
the attack of fungi. Hut the availability of glues 
conforming to such spcciflcalioiis as D.T.D. /|84 has 
removed the difliculty of using plywoods which are 
now being used with great advantage. 

Electric wiring and service pii^es are easily in- 
sl ailed and concealed in the ducts provided between, 
and at the end of, Hour units. Plunibiiig is eHeeted 
by a prefabricated vertical duct, passing from the 
Idtchcii llirough the first floor and connecting with 
a horizontal duct carrying the service pii»es. Hre- 
fahricated houses are demountable, but can be used 
peniianeiitly if desired. Another encouraging fact 
about such houses is that the wastage involved during 
(lisinantling hardly exceeds 10 [icr cent. It is re- 
ported that during the last two years the company 
referred to has erected such houses on an area of 
abmit 5r> niillinii cubic feet at over Ooo places in 
(»reat Britain. 


USE OF BENTONITE IN FLUID FLOW ANALYSIS 

Thk varied responses of a flowing fluid to 
variously shaped obstacles like a boat hull, a heating 
pipe or an aerofoil form an inleresling study but not 
a very exact one unless the directions of fiow’ can be 
actually made visible. A new^ method of doing this, 
recently developed at the Massachusetts Institute of 
Technology, promises a real advance in the branch 
hydrodynamics of fluid flow. 

The method is similar to that in which engineers 
use “Polarized** light produced with optical ccpiip- 


ment (analogous to that in “Polaroid** non-glare sun 
gla.sses) to render visible the strains in plastic models 
of solid strucbircs like gears and other machine cast- 
ings. When stressed, the plastic model deforms 
slightly and in so doing bends and twists the i>ola- 
ri/ed light passing through it .so that bends and 
sidotchcs of colour .show up at the points of strain. 
Ill the analysis of fluid flow, a suspension of bentonite 
(a non-refractory clay derived from the shale of the 
Fort Benton formation in the Upiicr Missouri Valley) 
in the fluid serves to modify the polarized light 
shilling through the transparent walls of the experi- 
nicntal channel, just as the plastic modifies light in 
the analysis of strains in solids. The bentonite par- 
ticles consist of platelets so small that they have no 
ktidciicy U) settle out of the .sus|)ension and so light 
that they move exactly where the fluid takes llieiii 
sliowiiig substantially no inertia of their own. The.se 
jdiysical and optical projierties make bentonite 
superior to other substances used to trace out fluid 
flow, such as ink streams, smoke trails in gases or 
fine bubbles ; for these latter materials cannot follow' 
the paths of fine eddy motion encountered when 
stieainliiie flow’ is broken up. The bentonite method 
«if ( bservaliim ft)r the first time perinils (piantitative 
measurements of velocity charge and other factors 
within the field. 

In tlic analysis of fluids, bentonite so modifies 
the light passing llirough the stream that coloured 
bands or ‘fringes’ show' up, connecting i>oinls where 
a particular rate of change in the fluid speed pre- 
vails. The analysis is similar to the pholoelastic 
methods of analysis for solid bodies. Use of improved 
photograpliic techni(|iies including high speed photo- 
gniphy lias enabled ribservations to be carried out for 
highly turbulent as well as for the semi-slreain line 
How by this method, while (pialitatively it can be 
used to find out how a moving or even a stationary 
object of i>articidar size and shape affects the flow. 
Analysis of fluid flow is important not only in such 
obvicius aiqilicalinns as design of aerofoils, boat hulls, 
or bridge i>ieis but also in many chemical engineer- 
ing problems, such as the distribution of fluids in 
reaction vessels. By polarization analysis, it is even 
possible to cah:ulate the rate at which heat will be 
Iraiisferrecl from a solid to a licpiid. 

'I'he bentonite method has as yet received few' 
apjdicalioiis. But some of the applications have al- 
ready proved extremely important. One of these 
is providing graphic dcinoiislratioiis for training 
aviators in flight theory. Another diverse apidication 
is reiiorted to have served to change the design of 
fire-boxes in the locomotive of a railroad in a Western 
country and giving it greater efficiency. 

6\ K. 
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MODERN ENDEAVOURS OF GROWING SEEDLESS 
FRUIT 

Attkwi*ts at growing seedless fniits by artificial 
means may be traced to the end of the nintcenth 
century. It is only recently that botanists have partly 
succeeded in growing them. In view of the imi>or- 
tance of growing seedless fniits, a brief account of 
the process and mccbanisin involved in their produc- 
tion may be useful, ft is well-known that after ferti- 
lisation the ovule is changed into a seed and the 
ovum into an embryo. The ovary is caused to grow 
more and more into a fruit. The maturity of an 
ovary into a fruit and the change of an ovule into a 
sce*l are not one and the same process. The |M)llen 
tube in a way gives a kind of stimulation to the ovary 
which matures up into a fruit ; on the otlier hand, 
it enters into the ovule and fertilizes it to grow into 
a seed. It is known that the pollen tube oozes out 
hormone after reaching the ovary. This hormone 
stimulates the ovary and changes it into a fruit. If 
it can be secured that the pollen tube will ooze out 
the hormone hut will not be able to enter into the 
body of the ovules in order to fertilize tlieiii, seed- 
less fruits can lie grown without difficulty. The 
advent of the pollen tube from the stigma to the 
interior of the ovule takes time which is definite for 


imrticular flowers. In some flowers like cucumber, 
tomato, etc., seedless fruits have been made to grow 
by cutting off the style, after a time of shedding of 
the pollen on the stigma. This proves that just 
before separation the pollen tube was in such a posi- 
tion where it gave out the hormone to stimulate the 
ovary to grow into a fruit, but was unable to pass 
iliroiigh the niicropylc of the ovule and fertilize it. 

Few chemicals, e,g., acetic acid, alpha-nai)- 
Ihalenc, phenyle-acclic acid, etc. also can cause an 
ovary to*grow into a seedless fruit. These chemicals 
should be apidicd on the top of the ovary after cut- 
ting off the style. These can also be ai>plied as 
spray, poured under the tree, or introduced in solid 
stale to the trunk of the tree. 

h'xperimcnls on few plants which naturally give 
seedless fruits showed that a kind of nutritive i>ro- 
"<luct, called Auxin, is already pre.sent in ani]>le quan- 
tity in the ovaries of the flowers of those plants which 
causes them to mature up. In other plants where the 
ovary is deficient in Auxin, it is necessary to supply 
it from outside, either artificially or by chemical pro- 
cesses. In this way also growth of .seedless fruit is 
IKissiblc. 

C. R, .S. 


COLCHICINE TREATMENT OF JUTE 


K. R. RAO, A. T. SANYAI, AND J. DATTA, 

Jl Tlv AC.KlCri.TUKAI, KKSKAKCll I.\HORATOKY, DAICA 


Introdulth^n 

I^INCrC blakeslee (kj.V/) made his remarkable dis- 
covery, many successful results in inducing 
polyploidy by colchicine treatment have been re- 
corded. The work has been reviewed by Vyfe (1039) 
and Dernicn (1940), who have Jilso discussed iu detail 
the action and use of colchicine. Tii India striking 
results have been obtained on Capsicum annum ly. 
(Pal and Ramanujam, 1Q39 ; 191 1) and Ciccr arietU 
nuni ly. (Ramanujam and Joslii, 1941). In cotton 
(Amin, 1940) and sesamum (Richharia and Persai, 
1940) also, colcliiciiie treatment seems to have been 
effective in producing polyploids. Rut no such work 
Q.U jute has been reported so far and the present study 
which was started at the Jute Agricultural Research 
Laboratories, Dacca in 1940, appears to be the first 
of its kind. 

Material and Methods 
Two well-known jute varieties D 154 {Corchorus 
capsularis L) and Chinsurah Green (C^ oliiorius L) 


were at first selected for study but as the latter did 
not give encouraging icsiiUs it was drop])ed. 

Ill 19^0, selected dry seeds of I) 154 and Chinsuriili 
Green were immersed in 0*4, o'6, o‘S and 1*0 per 
cent, aiiuoous colchicine solutions for 6, 12, 24 and 
36 hours in each case, the number of treatments for 
each variety being sixteen. To study the effect of 
presoaking, a few seeds of D 154 and Chinsurali 
Green were first soaked in water for 30 hours and 
then for 12 hours in 1*0 per cent, colchicine solution. 
The seeds were sown in pots. 

Ill 1942 seeds as well as growing terminal shoots 
of D 154 were subjected to colchicine treatment as 
follows : — 

Seeds : — -i . The seeds were first soaked in 
water for 18 hours and then in o’05, o'l, o' 5 and 
1*0 per cent, aqueous colchicine solution for 12 and 
24 hours the number of treatments being eight. 

2. Eight treatments as in i, but without any 
pre-soaking in water. 
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Growhig s/too/s : —Three applications of 0*05, 
0 075, o' 10, o' 1 5 and o' 20 per cent, aqueous col- 
chicine solution on terminal buds of six weeks old 
vigorously growing plants. 

Observations on vegetative characters such as 
leaf size and shape, size of flower, pollen and fruit, 
and size and frequency of stomata were taken for 
detecting cases of polyploidy. Acelocariiiine smears 
of leaf -tips (Haldwiii, 1940) were made at dilTerent 
stages to determine the stomatic number of chromo- 
somes. Sections as well as macerated material were 
examined to study changes, if any, in the anatomical 
structure. 


EfKRCT of COLCIIICINK XREATMKNT Ol*' SKKI) 
First Gunkration 

Germina iion :—Sevil treatment with various con- 
centrations of colchicine was found to have a marked 
effect on germination. Germination was considerably 
checked especially in the higher concentrations, only 
a few plants coming out successfully (Table i). As 
observed by Pal and Ramanujam (1939 ; 1941) for 
Chilli, and Ramanujam and Joshi (1941) for gram, 
colchicine appeared to have a retarding influence on 
the growth of germinating seedlings. In the lower 
concentrations the general swelling of the hyiMX'otyl 
and the radicle was more i)rominent than in the 
heavier concentrations, where growth was more 
L (Tect i vely checked . 


TABbb: r 


PKKCKNTAOK or OKRMINATIOX in LWllICINK TRKATRT) SHIOS 
(UM2) 


/Vr ceni. of colchlciue 
frcafmcHt. 

12 hours with 18 hours 
presoaking in water 
24 hours with 18 hours 
prcsoakiiig in water 
12 hours without prt- 
siiaking 

24 hours without pre- 
soaking 


005 

010 

0-50 

10 

Control 

27-.S 

225 


10 

too 

10 

2 -h 

2-5 

7-5 


225 


; 17-5 

2-5 

too 

45 

42-5 

20 

15 

... 


Morphological :—Jn the preliminary studies car- 
ried out in IQ40 most of the surviving plants from 
the treated seeds showed no morphological differences 
from the controls. Only one D 154 plant obtained 
from seed treated in i per cent, colchicine .solution 
for 12 hours, after 30 hours pre-soak ing in water, 
seemed to have responded to colchicine treatment. 
Its leaves were rough and rounded as compared 
with the control and the flowers much bigger. The 
capsules were about double the normal size (Fig. i) 
and contained only three seeds per loculc (Patel, 
^94i). 


Of the iS mature plants obtained from the 
treated seeds in the 1042 cxi)crimctit only two a’bS 
and bpS; were markedly different in appearance from 
the control, and showed typical gigas characters iii- 



h'm. 1. <.‘ap^>uli‘S fnnii ni>rin:il (k*fl) .’Uul coh'hu'ine 
Ireatcil frighi) i^lanls (x2y+). 


dicating possible cases of polyploidy. Roth were 
from seeds treated in o’l per cent, colchicine for 
24 hours without any pre-soaking in water. In these 
plants the stem and petiole were sttiiiter and better 
developed and the leaves were very much thicker, 
coarser and broader than in plants raised from un- 
treated seeds. The guard cells c>f the stomata were 
15 to 2 times bigger than in normal leaves and the 
miinber of stomata pei unit area was about half 
(Table II). 


TABLE II 


Sl/.K AXI» DlSTRIllIiTlON OK STOMATA 
(Averaxe of 20 observations) 


Si/e of guard 
cells 


Plant 


... 

i 

Length 

Width 

Normal .. 

24-15/i 

6*08/* 

a268 

42'15,u 

lOaS/i 

b987 

39-45/w 

1 10-22/x 


Frwjiiency 
(Number of stomata per 
uuit area*) 


I2-7.S 

5- 7 

6 - 2 


♦Unit arc ”-08 sq. ram. 


The flowers too were much bigger, and the 
pollen grains averaged iS’oSfi in diameter in a 268 as 
compared to 29'8i/« in normal flowers. Plant b987 
which resembled a268 in almost every respect did 
not show any appreciable difference in the size of 
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the iiollen from the normal, the aversme < 1 i:imctcr 
being 3177/*. 

Tlic cai>sulcs ill both 11268 and bgSy were strik- 
ingly different in appearance from the normal ones. 
TJiey were about 15 to 2 times the normal si/.e with 
a thick and fleshy pericarp. The outer surface was 
comparatively smooth without any shar]) protriiber- 
ances as in normal ones and the capsules contained 
only a few good seeds. 

Cytology : — As the morphological characters of 
a26S and 1^987 indicated polyploidy due to colchicine 
treatment, a cytological exainiiiation of these two 
plants was undertaken. Acetocarniine smears of 
young leaf -tips from these plants as well as anitrols 
were made at regular intervals from g-30 A.M. to 
I P.M. Preparations made from 10-30 to it A.M. 
showed all the stages of mitosis. The di])loid num- 
ber in the normal plants of D 154 (C, caps^ularis) 
was 14, the same as reported by Hanerji (1932). 
Chromosome counts from aaOS and bgS; showed that 
a doubling of chromosomes had occurred as a result 
of colchicine treatment. Associated with this doubl- 
ing of chromosomes there was a marked increase in 
cell size. The cytological examination thus revealed 
that both a268, and 13987, obtained from 1) 154 seeds 
treated in o‘i per cent, colchicine were tetraidoids 
having 411^8 chromo.somes. 

Acetocarniine smears of dividing pollen mother 
cells were tried without much success. 

Anatomy : — To find out structural changes asso- 
ciated with colchicine induced polyploidy anatomical 



filGS. 2, 3. l.ntimate fibres from diploid (left) and 
letraploid (right) plants (x220) 

examination of diploids and tetraploids was carried 
out. Transverse .sections of both petiole and stem 
were examined and it was observed that the larger 
size and the stouter appearance of these organs in 
tetraploids, was due to increase in size of the cells 
rather than to an increase in their number. The 
number of fibre bundles was the same but the 
bundles appeared larger, the individual fibres show- 


ing a large lumen in cro.ss section. In macerated 
material, the length of the ultimate fibres in the 
tetraploids was found to be about the same as in 
normal plants but the fibre width was more. The 
lumen was very large- almo.st twice that iu normal 
]dniits, hut the thickness of the wall remained the 
same (Figs. 2, 3 and Table III). 

TABUC Ml 

I'lHkK MKASCKUMUXTS i»l.' DiPLOlP AXO TlJTRAI'I.Oin Pl.\NTS 
(.IvtTdjiit’ of 100 obseyvations) 


PlHllt 

-Mean fihn* 
lengili 

Mean fibre 'Mean wall 
widlli 1 tliiekiiess 

Lumen 

Xoniial 

2125/4 

17-4fi/4 6-21/* 

504 u 

(diploid) 

'i'rcated 




('Jetra- 

2407/* 

2fr52/x 6IO,tt 

14<3I/4 


pluid) 


Second gener.ation 

vSc'cds ccdlectcd from tetraploids .showed poor 
germination. Of the 120 seeds sown in pots accord- 
ing to pod size about half failed to germinate, the 
number of mature plants obtained being only rn. 
The moridiological and cytological behaviour of Hhsl' 
plants was studied and they were found to resemble 
their parents. The cap.siiles were large, but com- 
paratively few, some of the i)lants hearing only 
one or two capsules. Leaf tip smears showed 411 — 28 
chromosomes and anatomical examination revealed 
the same structure as in the parent tetraploids. 

Coi.CniClNK TREATMENT OK OROWINO .SIIOOT.S 

Treatment of growing shoots with various con- 
central ions of iUiiteous colchicine did not prove 
siicce.ssful in inducing polyploidy. In some cases, 
especially with stronger treatments the terminal 
shoot withered and died. There was 110 api)recial)lc 
difference txcepling for the distortion of a few 
leaves and flowers in some of the plants. Plumule 
treatment of geriuiiiating seedlings has been recently 
taken on Iiand and it is interesting that in some cases 
differences in the size and distribution of the stomata 
have l)een observed. 

Summary and conci,u.sions 

Seed treatment of jute with various concentra- 
tions of colchicine seeds to be effective in artificially 
inducing polyploidy. Two tetraploids were obtained 
from seeds treated in o‘r per cent, colchicine for 
24 hours, without any pre-soaking. They shoued 
the typical gigas characters, and were also struc- 
turally different from the diploids. The fact that 


August, 1944 


MKPtCTNE AND Pl'BIJC HEALTH 


89 


differences in the structure of the ultimate fibre are 
associated with changes in chromosomes, is of great 
economic imirartance, for the quality of jute dei)ends 
l>riniarily upon the nature of the ultimalc fibres. 
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MEDICINE AND PUBLIC HEALTH 


THE ROCKEFELLER FOUNDATION’S WORK IN 1943 

The report of work of llic Rockofdler Kounda- 
lioii ill the year TQ43 makes iiiteresliiiR reading. The 
iiieoine of the Foiindalioii from investments diirin.ir 
the year wa.s and Ihvj e-Niiendilnn.* amount- 

ed to $7,760,186. The different items of expendi- 
ture were as follows: — publie health, $2,.lso,ocx) ; 
medical sciences, $1,520,000 ; natural sciences, 
S509,ooo ; social sciences, jjfi ,f)h8,ofo ; humanities, 
$T,o55,o(X) ; and programme in China, $108,000. Of 
the ai)Ove expenditure, 69 per cent was for work 
ill the United >States and .u l^er cent for work in 
Ollier countries. 

The Foundation took jiisti liable pride in help- 
lliiancially the develojniienl of penicillin in 
I.ui.i*land, by placing funds and facilities at tlie dis- 
posal of Prof. Florey and other workers. The 
Konndatioii lent its siiiiport to the Harvard Medical 
School for the or.i^aiii/ation of a laboratory of physics 
and chemistry. Its PL'isma Research Section has 
now undertaken to produce dry plasma for civilian 
and military casualties during the war. 

Tn Europe, work was financed in Sweden at the 
Tiiivcrsity of Upsala and at the University of 
Sloekholm in chemical physiology, embryology, 
hio-clieniislry, bio-idiysics, neuro-physiology, radio- 
logy, etc. ; in Switzerland, at the Universities of 
basic and Zurich for research in bio-chemistry, 
organic chemistry and plant physiology. In Oreat 
britain, grants were given to the Universities of 
Oxford, Cambridge, Sheffield, Edinburgh and bir- 
iningham for basic research in bio-chemistry, bio- 
physics, genetics, organic chemistry, psychiatry, 
neurology and neuro-surgery. Researches have also 
been made for work on the Social Sciences b>' the 
boyal Institute of International Affairs, the Uondon 
Scliwd of Economicas and Political Sciences, the 
^^ational Institute of Economic and Social Research 


in London, the vSocial Studies Research Committee 
at Oxford am Political and bx'onomic Planning 
(P.E.P.). 

The information that the dangerous malaria- 
carrying tniefyhelvs mosiiuito, whose home is 

in Africa, has reappeared in brazil is upsetting. 
Efforts are, however, bei g made to control the 
sources of infestation. Another noteworthy fact is 
the reopening of the \’ellow Fever Laboratory at 
Lagos, which was .started in 1925 ami abandoned in 
in order to study whether the jungle Vfiriety 
discovered in vSouth America has its counterpart in 
W est Africa and to conduct studies in case of posi- 
tive findings. It is interesting to note that all the 
yellow fever vaccine which has been manufactured 
since 1937 comes from a South African native named 
Asibi who was sick with yellow fever. Studies arc 
also being conductcxl on typhus. It is realized by the 
Poumlation that science and learnin.g are truly inter- 
national and that public health can no longer be 
thought of exclusively in national terms. 

A good deal of attention was devoted to the 
study of the social sciences and the protection of 
cultural heritage in countries overrun hy the enemy 
during the present world conflict. 

NEW TECHNIQUES FOR STERILIZATION 

According to Science News I.etter, April 8, 1944, 
two new methods of sterilization, one of them for 
liquids, the other for air in rooms, have recently 
been patented. 

The first is by a well-known scientist. Prof. 
Alexander (Joetz of the California Institute of 
Technology, who has been aw’arded patent 2,344,548. 
It is ail im])rovenient on the method of sterilizing 
lifiiiicls by exposing them to certain metals, notably 
silver, through which slight electric currents are 
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passed to induce them to release their charRed atoms, 
or ions, into the liquid. 

A difficulty with this method has been that the 
metal surfaces tend to become coated, slowiiiR down 
their action. Prof. Goetz solves this problem by 
nmninR an endless chain surfaced with the metal, 
first through the liquid to be sterilized, then throURh 
de-coatiiiR and cleaiisiiiR baths, then through the 
liquid aRain. Rights in the patent are assigned to 
the Sunshine Alining Company of Yakima, Wash. 

The second sterilizing method is the joint in- 
vention of S. C. Cocy and J. W. Spiselman of 
Aliddlesex Horough, N. J., who have assigned rights 
in their patent, No. 2,34'!, 536, to the Research Cor- 
poration. It consists of an apparatus to make 
practicable and economical the recent discovery that 
the compound known as trielhylene glycol is an 
efficient means of ridding air of germs without ren- 
dering it disagreeable or toxic. The chemical is 
mixed with a small ijortion of the air at a moderately 
elevated temperature. This is then diluted into the 
main stream of the air passing into the room through 
the ventilating or conditioning ducts. 


THE TOTAL SYNTHESIS OF QUININE 

In the May issue of the Journal of the American 
Chemical Society, (66, 849, 1944), Woodward and 
Doering have described an outline of the method for 
the synthesis of quinine. This work was under- 
taken as a research project of Polaroid Corporation 
by the senior author, instructor in Chemistry at 
Harvard University and chemical consultant to 
Polaroid Corporation. 

The total synthesis of quinine is a great achieve- 
ment in view of the fact that all the previous 
attempts have been fruitless. Woodward and Doering 
have started with 7-hydroxy-/soquinoline, a coal- 
tar iiroduct, and have succeeded, through a large 
number of stages, in preparing d-quinotoxine which 
was converted into quinine by Rabe over twenty- 
five years ago. This total synthesis of ciuinine opens 
up vast possibilities and in future we might get in 
the market the synthetic quinine to fight out the 
scourge of malaria. 

D. C. 


ON Rh CONSTITUENT OF HUMAN BLOOD* 

A. B. ROY CHOWnrit’RY, 

iMPKRiAf. SKROLOGIvSX’S I.AIIORAr«RY, SCIIOOf, OF 
TROI'ICAI. MKDiCl.NR, CALCUTTA 


WlIAT Rh IS 

Rh constituent is meant that antigenic com- 
ponent of human rbc which is in common with 
the rbc of the common brown monkey of India 
(Macaais rhesus). It was first demonstrated by 
Landsteiner and Wiener in 1941 and named Rh after 
the name of the monkey Rhesus. 

It is 5aid to be antigenic because it has all the 
properties of an antigen, c.g., (i) power of producing 
antibody when suitably introduced into laboratory 
animals, such as guineapig, rabbit or fowl, (//) react 
with the antibody produced in man or animal in the 
form of agglutination and lysis and (m) being a con- 
stituent of rbc is a protein chemically. Rh sub.stance 
is sometimes called a factor, but there is no need 
to call it so, because physically substance is the 
better name, immunologically it should be called an 
antigen and genetically a character. 

• Read at the Society of Riochemiatrv and Experimental 
Medicine, Calcutta. 


Land-stciner and Wiener in 1941 first showed 
that the property is present in 85 per cent of white 
American population and absent in 15 per cent, but 
they were not sure whether the absence is absolute 
or relative. Levine in 1942 confirmed the iierceiitage 
of distribution. Boorman, Wood and Mollison in 
1942 showed that the results (positive or negative) 
may be made sharper by absorbing the diluted test- 
ing sera uith negative rbc and thereby suggesting 
an absolute absence. C^ollaghar and Jones in 1943 
adjusted the dilution of testing sera in such a way 
as to confirm the above percentage. 

The writer has found in 1943 tke Rh i)ositive 
rate amongst the Indians to be 90 jHjr cent and 
negative rate 10 per cent (Greval and Roy Cliow- 
dhury, 1943). 

Wiener and Sonn in 1943 showed variants of 
Rh positivity. The writer has seen that Rh positive 
animal sera differs from one type of animal to 
another (e.g. Guineapig to Rabbits) as regards the 
reaction with the positive cells. The reaction with 
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guineapig Rh prepared showed a gradation from the 
strongest to the weakest, the possible reason of which 
is to be found in genetics. All these go to show the 
complex nature of Rh. 

Comparison with Antigpnic CoNvSTituknt op RU 

Other accepted antigenic, constituents of human 
rbc are A and B, M and N. Antigens A and B 
give rise to 4 different blood groups by their 
presence either singly or together and by tlieir com- 
plete absence. Corresponding antibodies arc nor- 
mally present in human bloods. 

Other accepted antigenic constituents of human 
rbc are A and B, M and N. Antigens A and H 
give rise to 4 different blood groups by their pre- 
sence either ‘’jyVjfly or together and by llieir com- 
plete absence. Corresponding antibodies arc nor- 
mally present in human bloods. 

Antigen O A B AB 

Antibody ..ah b • a o 

Antigens M and N give rise to 3 different tyi)es 
according as they arc present singly or together. 
Both of them can never be absent. Antiliodics are 
not normally ])rescnt but may give rise to immune 
iso-antibodics. 

Antigen Kli can give rise to t\\o different tyiies 
iiccording as it is present or absent. As regards the 
liositive there seem to have different variants of it, 
which can be proved both by the |)Ositive human 
and artificially produced animal sera. Like "SI and 
X substances it may give rise to immune iso- 
antibodies. Inheritance, like group specific sub- 
stances, is, according to the Mendelian line, the 
presence being dominant to its absence. 

The Rh antigen defied all attempts, to find any 
relationship with known aiiligeiis of blood groui)s 
(O, A and B) and types (^1 and N). Complete sero- 
logical formula of a blood should represent all lliese 
antigenic systems, e.g. O, A, B, N ; and Rh. 

Laboratory Prkparations 

Ouineapigs and rabbits were injected iiiter- 
vcnoiisly and chickens inter niuscularly with i c.c. 
washed 50 per cent monkey rbc thrice at an interval of 
4 days and serum collected 10 days after the last iii- 
jeetiem. Higher titre was obtained with 3 injections in 
place of two as recommended by American workers. 
Guineai^igs so far gave better results than rabbits. 
Chickens with intermuscular injectious gave dis- 
appointing results. The highest litre found by this 
method was i in 300, lytic titre keeping space with 
the agglutinating titre. 

Lately the writer has used stroma only (after 
the cells are lysed with distilled water) instead of 
cells as a whole for injection. It has the advantage 


of giving intervcnously in chickens without the risk 
of haemolytic reaction occurring. Gtiineapigs and 
rabbits were not yet tried. Chickens by this method 
gave the highest agglutinating litre so far available, 
i.i\ I in 1000 which is really astonishing where as 
tile lytic titre was very low. The very high protein 
content of chicken scrum probably made it possible. 
Incidentally it also proves that Rh projicrty like 
other agglutinating properties (group .specific) resides 
into the stroma and not in haemoglobin. 

Mkchanism ov Anti-RIi formation in- 
human SunjKci’s 

This is cine to the effect of inheritance. An 
Rh - mother mated with an Rh - father may beget 
a foetus who may have inherited the Rh character 
from the father. 

Now the Rh i rbc of the foetus someliow gain- 
ing entrance into the mother’s circulation, the rbc 
«)f which is Rh- acts as an injected blood into the 
mother and iso-immuni/.es the mother. 

The immune iso-antibodies thus produced being 
in solution in scrum gain entrance into foetal circula- 
tion. Thus incompatible reactions are produced in 
the foetal circulation iiroducing hh'ythroblaslric 
anaemia in the foetus called Foetal Frythroblastosis. 
Further tianstiisioii with otherwise compatible but 
Rli-i- hlood will necessarily aggravate the condi- 
tion . 

^ _Tluri: arc, liowever, some cotUradiclions. For 
Vmstance, (i) how can foetal rbc enter into maternal 
oirculalion and (2) is iso-imininii/.alion possible? 
'riiesc contradictions have received explanation which 
may be referred to as follows: — 

(1) Acc*ording to the accepted view substances 
dissolved in Idood (not rbc) can only jiass through 
the iiiemliraiic sei)aratiiig the foetal and niaterual 
circulation. But the membrane may, at times, leak 
and Ihis is perhaps the reason why mishai) occurs 
usually in siibscipient pregnancies. 

(2) It was found that the serum of patients who 
had shown haemolytic reactions (i,c, incompatible 
reactions) after receiving repealed blood transfusions 
tjf otherwise compatible group bloods contained aiiti- 
Rh agglnlinin while in the rbc the corresponding 
Rh agglutinogen was wanting. This showed that 
the Rh antigen can produce immime-iso-antil)odics 
ill human beings. M and N antigens have Ix'eii found 
to beliavc similarly. 

Tso-immunizati().\ ov thk Motiikr by thk 
Foktal Antigen 

Iso-iminunization of the mother by the foetal 
rbc antigens was found to occur only when the 
antigen in question is Rh and not blood group 
specific antigens ( 0 i A and B) or blood type specific 
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antigens (M and Nj. As for I)lood group iso-iinimini- 
xatioii is not possible because tlie corresponding 
antibodies are normally present in the blood and 
probably because the group specific antigens are dis- 
tributed tliroughout the tissues and fluids of the 
body and not confined to rbc only and so the corres* 
lionding maternal antiliodies become specifically 
bound to the tissue cells and iiiliibilcd by the body 
fluids, s^> that group si>ecific antigens of foetal rbc 
are j no looted . Rh antigen, on the other hand, 
occurs ill rbc alone and coiisoi|iicntly is exposed to 
the full action of the mothers anti-Rh agghitiniiis 
that have gained entrance into the foetal c'irculation. 
Iso-iniiiiuiii/alion of the mother by the antigens M 
and N in foetus does not occur though they have got 
limited dislrilniiion (in ibe only) like Rh sul>slaiice 
for reasons not known to us. 


[{Xi’KRIMiNTAl. MKinCINK — pRACTiCMv ImI-ORTANCK 
IX Transfusion 

Rh substance is a good antigen in Rh - indi- 
viduals. 

(i) RL'‘ltitnsfiisions,— An Rh - subject received aii 
otherwise compatible but Rh blood in jirevious 
transfusion. He develops an anti-Rh aglntinin. 
Before it is sufficient time for the disai)pearaiice of 
the antibody he receives another transfusion of Rh + 
blood. The new Rh i- rbc will be agglutinati*'^ by 
the anti-Rh agglntiniii and will cause Jiaemo/: 
reaction. 

{i] Ohslctrical an*c\v. -Kveii in the wry first 
transfusion in subsc:iueiU iiregnancies or in and after 
labour, an Rh~ motlier already iso-iiiimiiniy.cd by 
foetal Rh-i- rbc may develov* haLMiiolylic crisis if she 
is transfused with an Rh+ but otherwise compatible 
blood. This is the reason wliy transfusion in some 
obstetrical cases with severe anaemia worsens the 
cases. Abortion also comes under this heading. The 
antibody in inotherVs blood was found to be present 
for a i)eriod of 2 years after labour in some cases. 

(a) Infant icith h' octal Erythroblastosis. — This 
is better named as a condition of baeniolytic anaemia 
of the foetus and new born with either hydrops or 
ichlerus gravis. It is usually found in subsctiuenl 
pregnancies and the mother also suffers from 
anaemia. The foetus inheriting the Kh f property 
from his father when conceived by an Rh- mother 
iso-immunises the mother and thereby receives from 
tlie mother anti-Rh agglutinins which in turn causes 
haemolytic reaction. Here again transfusion with an 
Rh 4 blood only causes to aggravate the condition. 

Such difficulties can be reduced to a minimum 
by having regard to the following: 

( 1 ) To test routinely in all obstetrical (includ- 
ing abortion) and re-traiisfu.si6n cases, for the pre- 


sence or absence of Rh substance and select the 
donor accordingly, t.e., selection of Rh- donors for 
Rh- patients. For this purpose it is essential to 
have a constant supply of anti-Rh human serum 
from iso-immunised Rh- mothers. 

(2) To obesrve the direct cross-matching test 
most scrupulously and Icnglhcii the time limit from 
half an hour to one hour. 

(ienclics. — ^The character Rh is transmitted by 
means of a i)air of genes, Rh and rh and the doini- 
iianl gene Rh determines its presence (Landsteiiier 
and Wiener, 1943). 

So genotx'pe RliRh (Homozygous father) cones- 
ponding to phenotype Rh+ must beget Rh 1- 
cliildren. ('iciiotype Rlirh (H^jjf.' -./ygous father) 
corresponding to phenotype rh . ^<*be ‘ beget both 
Uhr and Rh - children. Genotype Rhrh (Homo- 
zygous father) corresiiondiiig to phenotype Rli - 
must beget Rh- children. 

iMI'ORTVXCIi IN Gl-Nli'IICS, vSoCIOJ/KlV, KoRKNSIC 
MFinciNb; \Ni> ANTiiRi>i't)i,()(;Y 

.Socm/ogy.— As Rh - women when mated with 
RIh- husbands run the risk of being iso-iimmuiised 
Rh comi>atibiliiy before marnage may be righlly 
demanded by both the parties concerned but as the 
Rh negative rale is very small actual incidence r>i' 
such couples (Rh 1- X Rh--) is only 90x10—9 i»cr 
cent Indians and 85x15-13 per cent Fiiroi)eans of 
all random matings. 

hotensic Medicine, — Uxclusioii of ])alernity will 
only be po.ssible in Rh- coiii)les (Rh X Rh-) 
alleged to have given birth to RlH child, i.c. 
LS i5-2i 25 per cent. 

^'hifhrobotoMy , — Kelalioiiship between the ratvs 
ot hniiianity can be >.iiown by the presence of identi- 
cal antigenic substances. 

vS(;MK vSuOriKSTlONS FOR KuRTHKK KKSKARCII 

This iso-immunization of mothers by foetal aiili- 
genic substances opens iij) the (jiic.stion whether or 
not other unknown blood constituents can play an 
important role in several conditions, sneb as nn- 
cxidained anaemias of pregnancies in the tropics, 
stillbirths, congenital malformations, etc. 
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A Handbook for the Identification of Insects of 
Medical Importance— By John Smart with 
chapters on h'leas by Dr Karl Jordan and on 
Arachnids by R. J. Whittick. British Museum 
of Natural History, 1943. 269 pages, 13 full 

page plates and 177 text figures. Price fifteen 
shillings. 

This book represents the first serious attempt 
that has been made to couvsolidate into one volume 
a taxonomic guide to the insects of medical im- 
portance throughout the Old World. Dr Smart is 
one of the ablest students of Diptera taxonomy and 
has presented the subject in a very masterful manner 
in this book. Such a work has been badly needed 
for a long time as the literature pertaining to this 
subject is widely scattered and not readily obainable. 
To have this important information in one publica- 
tion is of special significance during this time of 
war, since so much of the fighting mu.st be done in 
tropical climates and it is essential that every possible 
effort be made to protect our troops from diseases. 
The great importance of insect taxonomy is soon 
realized by everyone who has intimate contact with 
problems in control of iii.sect-borne diseases, esj^e- 
cially in instances where specific control is essen- 
tial. It is impossible to attack any problem 
scientifically until one knows the species with which 
lie is dealing. An accurate specific determination 
often gives the key to thfe erradication of the vector 
concerned and saves much time and expenditures. 
'Hiis book will be extremely valuable to Army per- 
sonnel who are working with insect-borne diseases. 
Il inovides them with a consolidation of information 
on the classification of the medically important in- 
sects which would otherwise be unavailable to the 
workers in the field. 

The introduction deals with the structure of 
insects, development and life history, classification 
and nomenclature and zoogcograi)hy. This provides 
the general background information that is essential 
t(^ the study of taxonomy so that the text would be 
entirely usable by any one with enough training 
in science to understand the system of animal classi- 
fication and' the working of a key. The discussion 
classification and nomenclature is very well 
'vriiten. This is one of the best, concise presenta- 
tions of this subject known to this reviewer. It 
briefly but clearly outlines the methods and proce- 
dures in nomenclature and emphasizes the impor- 
^nce of accurate identification of insect species. 

5 


The discussion on zoogeography presents a useful 
table of the faunistic regions and subregion.s of the 
world. 

The larger portion of the book, one hundred and 
seventy three pages, is devoted to the Diptera. For 
the most part all of the medically important families 
are well liandled. The section on structure and life 
histories gives a review of the important taxonomic 
characters and a few statements on the develop- 
mental stages. The classification of the suborders of 
IXptera and the keys to the families which are of 
medical importance is complete and simple to use. 
The excellent illustrations of the Diptera, as well 
as the other Arthropoda, clarify the keys and other 
subject matter. 

Tlie psychodidac are the first flies that are taken 
up. The discussion is very brief and inadequate. 
In view of the importance of these flies in most 
.sections of the tropics il secm.s that a key to the 
Phlebotomus should have been included. Even 
though the species determination of Phlebotomus is 
a matter for the specialist, it so happens that there 
are many capable Dii>terist$ working in the field 
who do not have access to the necessary literature. 

The other families are discussed under their 
re.spective suborders and keys arc given to the 
medically important genera. A few short statements 
arc given on each of the more insignificant families 
and no keys are felt necessary. The family Muscidae 
is thoroughly treated, with generic keys, notes on 
the important genera and keys to the species of 
Glossina. The Calliphoridae (the Sarcophagidae of 
most Dipterists are included in this family) are 
keyed to genera and notes are given on the important 
ones. The flestrides and Hippoboscidae arc 
adequately treated although no keys are provided. 

Ten pages arc devoted to a comprehensive treat- 
ment of the subject of myiasis and the identifica- 
tion of myiasis-producing larvae. This appears to be 
very thorough and well worked out ; it should be 
very useful to the medical entomologist. 

The phylogenetic order is somewhat upset when 
the Culicidae are left out of the discussion on 
the Neinatocera and are taken up by themselves 
directly after the Cyclorrhapha. Ninety nine pages 
are given to this all important family and this sec- 
tion is perhaps the most useful portion of the entire 
hook. Keys to the subfamilies, tribes and genera 
of the Culicini, adults and larvae, and to the species 
of Anopheles are given. The latter are divided into 
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keys for the Palearctic region, the Ethiopian, the 
Oriental and the Australian region and deal with 
adults and larvae. The keys have been compiled 
from many sources but have been brought up to date 
and simplified in many places. The section is very 
excellent and is made even more valuable, by the 
inclusion of a table on the breeding places of 
Anophelincs, a list of the synonyms and imi)ortant 
misidentifications : also a list of the malaria-carrying 
siKJcies given under countries and a very good treatise 
on distribution and literature pertaining to the 
Anophelini. 

The other insects of medical importance are 
dealt with in thirty two pages, with twenty one of 
these being devoted to an excellent discussion by 
Dr Jordan on the Siphonaptera. The orders Orthop- 
tera, Anoplura, Ilemiptera, Lepidoptera and Coleop- 
tera are briefly considered. l)r Jordan's section is 
exceptionally well done and will be of much value 
to workers in Flea-borne diseases. After an intro- 
duction to the group, giving the medical importance, 
biology and notes on taxonomy, he has keys to the 
important genera, notes on the genera and a key to 
the species of the genus Xenopsylla. This section is 
very well illustrated and most of the figures are 
original. 

The remaining Arthropoda are treated by R. J. 
Whittick of the Department of Zoology at the 
British Museum. Under the Scorpions he gives the 
structural characters of only the Buthidae and 
Scorpionidae and leaves out the other four, less 
common, genera. The Araneae and Acarina are dis- 
cussed briefly but keys are given only to the families 
and genera of the Ixodoidea. The medically im- 
portant genera and species are treated adequately. 
The last few pages of this section are given to short 
statements on the Pentastomida, Myriapoda and the 
Crustacea. 

An eight page appendix pre.sents very useful 
notes on methods for collecting and preserving in- 
sects. It discusses the materials and equipment 
needed, tells how to prepare killing bottles, aspira- 
tors, etc. It gives the various methods of preser- 
ving and preparing insects for study and the various 
formulae for preserving and mounting. Some of the 
more i)ertincnt literature on insect collecting and 
sources of entomological supplies are given at the 
end of this chapter. 

In conclusion the reviewer feels that this book 
is a very outstanding contribution to the war effort 


and that it will be especially useful to entomologists 
and medical men of the Allied Armies. It is clearly 
written and very beautifully illustrated, the ex- 
cellent figures demonstrate the subject matter expli- 
citly. The bibliographies at the end of each chapter 
arc well chosen and appear to be fairly complete. 
It is regrettable that the book confines itself to just 
die Old World, the inclusion of keys and figures to 
the Nearctic and Neotropical regions would have iii- 
creased its value and would have given a world wide 
coverage of the subject in one volume. 

D. N. R. 

Experiment and Theory in Phyaics—By Max Born, 

Cambridge University Press. Price two shillings 

net. 

The short monograph is an expansion of^ an 
address by Prof. Bom given to the Durham Philo- 
sophical ^iety and the Pure Science Society in the 
summer of 1943. He deals with a theme that is very 
familiar to the physicist and his present address is 
directed mainly to the man-in-the-street and itie 
philosopher rather than to the physicist. He attacks 
again the oft-criticised cpistemologists specially the 
abstruse cosmological theories of Eddington and 
Milne. Prof. Born attempts a dig at the extreme ex- 
perimentalists of the school of Lenard and Stark and 
finally settles down to an analysis of the growth of 
Relativity and Quantum Mechanics. His analyses 
emphasise the slowly accumulating empirical founda- 
tions on which these present elaborate theories rest. 
He explodes for, perhaps the nth-time the fiction 
of pure reason and details how the experimental dis- 
covery of the neutron coulb not have been foreseen 
by any reasonable guess of epistemology. RegardiiiK 
Eddington he sums up excellently, thus, *T shall not 
attribute any possible success (of Eddington’s Theo- 
ries) to Eddington’s philosophy as a doctrine which 
could be followed by others, but to his personal 
genius and intuition/* Regarding Milne he is rather 
obscure except for the usual argument about the 
obvious problem of age of the universe which Milne 
puts at i’5x lo* years in his cosmology. 

On the whole Prof. Bom’s criticism of current 
cosmological theories by the cpistemologists is a 
popular and lucid exposition but he hardly says 
anything new or remarkable to intere.st astro- 
physicists and cosmologists. 


B. D. N. 
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LETTERS TO THE EDITOR 

[The editors are not responsible for the views expressed in the letters,] 


NEW CONTINUOUS EMISSION BANDS IN THE 
SPECTRUM OF CHLORINE 

Apart from those due to temperature radiation, 
continuous emission bands which can be attributed 
to diatomic molecules are the simplest of 'their type. 
The importance of continuous band spectra for the 
development of the thdory of structure of molecules 
is clear if one realises that these afford probably the 
only source of information regarding the repulsive 
energy states of a molecule. The spectrum of 
chlorine suitably excited by high frequency dis- 
charge is known to possess a large number of such 
continuous bands an elucidation of which is ex- 
pected to throw considerable light on the structure 
of chlorine molecule. Cameron and Elliot^' ^ have 
recorded a number of bands which we have included 
in two main groups. Each group is composed of a 
strong band followed by a few weaker ones on the 
short wave side. In excitation by active nitrogen, 
only one band A 2564, the strongest in the second 
group is observed which is interspersed by a diffuse- 
banded structure.* On exciting pure flowing 
chlorine at a pressure of i to a mm. by a mild high 


Group 

No. 

Intensity 

(Visual) 

band in 

A. U. 

Position of 

maxima 

, Authors 

Cameron 
& Elliot 

X in air 

r Vac. 

A in air 


8 

3160-2983 

3063 

32H63 

3063 


3 

2983-2923 

2954 

33843 

2957 

1 

4 

2923-2852 

2880 

34712 

2881 


3 

2852-2793 

2818 

35488 

2819 


1 

2793-2737 

2759 

36234 

2758 

i 

1 

2737-2675 

2718 

36781 

2714 


10 

2675-2473 

2564 

38990 

2564 


8 

2473-2380 

2428 

41174 




6 

2380-2318 

2349* 

42558 



11 

4 

2318-2250 

2287* 

43712 

1 — . 


2 

2250-2163 

2200* 

45440 




1 

2163-2105 

2139* 

46736 




0 

2105-2055 

2076* 

43154 

— 


2 

2055-1955 

2001* 

49959 


m 

1 

1955-1892 

1918* 

52120 




0 

t- 

tl865* 

1 53890 

— 


• New bands. 

t Uncertain, , confused with the intense Schumann-Runge 
Uxygen Absorption bands at AA 1883, 1864. 


frequency discharge (650 to 700 K. cycles per sec.) a 
number of additional bands are recorded on our 
plates (Kodak Process B 5). We have measured 


them on a large number of plates visually and the 
data pertaining to all the bands present on our 
plates are included in the table, where also the 
data of Cameron and Elliot arc given. These com- 
prise in addition to the already known group I and 
two bands in group 11, five new bands in group 11 
and an altogether new group III of bands headed 
by a hand at A 2001 and followed by two more bands 
upto the limit of the quartz spectrograph used. It 
seems very likely that the bands extend into the 
vacuum region. In agreement with Cameron and 
Elliot’s observation no structure is seen eitlier in the 
band at A 2564 or in any other band. 

We are very grateful to Dr R. K. Asundi for 
his valuable suggestions and guidance during the 
course of the work. 

Nand Lai, Singh 
K. Sriniwasa Adiga 

College of Science, 

Benares Hindu University, 

Benares, 21-6-1944. 

' Elliot and Cameron, P. R. S., 158, 681, 1937; 164, S31, 1938 

* Cameron and Elliot, P. R. S., 169, 463, 1939. 

• Strutt and Fowler, P. R, S., 86, 105. 1912. 


BALANCING OF CHEMICAL EQUATIONS 

Students of Chemistry often find the numerical 
balancing of chemical equations ticklish. I devised 
a method for balancing them as far back as 1933 and 
as uptil now I have not come across a like method 
cither in books, or in the lecture-room or outside. 
There is nothing fundamentally new about it. It 
only puts algebraically the fundamental concept of 
indestructibility of matter and solves the equations 
infallibly and surely. 

As an example, let us balance the well-known 
equation : — 

HaS(J4 + KMnO, - KaS04 + MnSO* + H^O + O 

We put the equation like the following, intro- 
ducing unknown coefficients x, y, z etc. 

XHSO4, + yKMnO^ = + sMnSi\ + + O 

The coefficient of one of the members of the 
equation i.e,, O, has been taken unity. 
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Wc now equate the numbers of atoms of each 
element, occurring on each side of the equation. 


From H atoms: — . . 

2 X = 2 t (i) 

From S atoms: — 

X —Shi (a) 

I'roin O atoms: — 

,[x + 4y =42r-l-4jM + T (3) 

From K atoms: — 

y ^2z {4) 

l^'rom Mn atoms : — 

y “v (5) 


Wc solve the above five equations simultaneously. 

From (i) and (2) 

x=t-z 4 -s 

From (1) and (5) and above. 


Vi'e put the above results in (3), in terms of one 
unknown say, x. 

We gel '=1 

and therefore /= 5,y= *=i 

Hence \ve write the e(iuation as 
5 H.SO4 + 2 KMnO* = i KjSO* + ? MnSC), + } HaO+ O 
Which becomes 

3HaSC)4 + aKAInO* = K^SO* + aMnSO^ + 3HaO + 5O 

The method becomes simpler and more brief by 
practice. For example, one could have written at 
the very outset y instead of s for MnS04 in the 
chemical etpiation because there are no other atoms 
of ^In except in KMn04 and MnS04. 

The method has indirect uses also. If some 
molecules were placed on the wrong side, the value 
of its coefficient would come out negative. Al.so if 
an equation is mathematically impossible, it is also 
chemically impossible. 

R. Par.shad 

Irrigation Research Institute, 

Lahore, 5-7-1944. 


CANNIBALISM AMONG FRESH WATER FISH 

Cannibalism or feeding on its own species is a 
frequent occurrence among carnivorous fish, such 
as, Koi (Anabas tesiudineus) , Singhee (Heierop- 
neustes Jossilis), Magur (Cldrias bdirachus), Chiiol 
(Notoptcrus chilala), Boat {Wallagonian artu), etc. 
This .sort of cannibalistic habit is not only restricted 
amongst adults but can be found at all stages — fry, 
adolescent and adult. Cannibalism aggravates with 
the scarcity of food and s|)ace. 


It may be difficult to believe that herbivorous 
fish like, iMbeo rohiia, I^heo calbasu, Cirrhina 
fimgala, CaJtla caila, i,e,, all the major carps of India, 
and all other smaller types have this cannibalistic 
habit, yet the fact remains the same. The only 
difference being with the carnivorous type is that 
such habit is restricted at a particular fry stage which 
wc generally do not perceive due to our lack of 
observation. 

During our investigation with the scheme of the 
life-history, bionomics, and development of fresh- 
water fi.sh of Bengal, financed by the Imperial 
Council of Agricultural Research, we have frequently 
observed that there are four definite stages regard- 
ing food-habit of major carps. The first stage should 
be the hatched fry which begins to take food after 
its mouth opens till it attains a sir.e of 10 miii. 
Soon after the mouth develops these fry begin to 
take unicellular algae and not any proto^on, as 
paramoecium even is too big for them. This stage 
may be called as true herbivorous condition. From 
10 mm. to 20 mm. the major carps take mostly 
animal bodies, such as proto/.oon, small crustacca 
and almost negligible proportion of algae. Such a 
stage may be called a carnivorous condition. This 
stage, is followed by a stage which can be said as 
omnivorous condition as they take vegetable and 
animal food half and half. The duration of this 
stage is restricted from 20 mm. to 250 inni. Finally 
there is the stage which may be called as the second 
herbivorous condition which includes even the adult 
form. It shotild be mentioned that Catla catla is an 
exception as they continue the omnivorous condition 
from 3rd to the adult stage. 

During carnivorous stage of carps cannibal i.sin 
is frequently seen. Stronger ones devour the weaker 
ones either partly or wholly, although people have 
an idea that herbivorous fish is free from such a 
pernicious habit and such habit is only restricted to 
carnivorous types. It has already been pointed out 
that there is no true carnivorous or true herbivorous 
fish.* SU'ictly speaking every fish is omnivorous. 
We classify fish as carnivorous or herbivorous only 
from its major proportion of food. 

Cannibalism is one of the nature’s means of 
restriction of over population. Mortality due to this 
is not so much as the mortality at the time of 
hatching. This is due to sudden change of environ- 
ment from egg-capsule to water in which the eggs 
are lodged that cau^s the greatest mortality in the 
life-history of any fresh-water .fish. 

H. K. Mookerjkk 

Department of Zoology, 

Calcutta University, 

Calcutta, 7-7-Z944. 

' Mookerjee, H. K., Scibnce and Ctatuai, 9, 306, 1944. 
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MEDICAL EDUCATION IN INDIA 


pj^DUCATlON always presupposes an ideal and a 
purpose. Medical education is a specialized con- 
tinuation of general education but with a definite 
purpose. Medical education cannot therefore be con- 
sidered entirely apart from general education, as its 
efficiency is connected with the quality and (piantity 
of the general, and preliminary education which a 
student receives, before taking \ip the medical course. 


Mkdic.\Iv Education through Ages 

The nature of the educational course has varied 
with the ages. In various epochs of history, the 
doctor has been u magic man, priest, craftsman, 
cleric, and in Europe in the Middle Ages, he was 
a pedant swearing by Hippocrates, and Galen, as in 
India today the indigenous medical man still swears 
by Charaka and Susrula. It is only with the rise of 
natural sciences, and after Paracelsus, Vesalius and 
Harvey that the medical man became a scientist. 
As the universities came into existence, medical 
education became a part of the university framework. 
In the process of evolution, didactic teaching was 
Mipplementcd and ultimately replaced by demonslra- 
lioiis, practical work in the lalK)rator>' and field, and 
w ith organized investigations of the various problems 
confronting the cure and prevention of diseases. The 
o\'olutionary process is still in progress. The ini- 
]»ortant discoveries made during the past 6o years in 
the basic sciences of physics, chemistry and biology 
have been placing in the bauds of the medical man 
newer tools to control the incidence of diseases and 
to alleviate human suffering. 

While medical education is thus becoming increas- 
ingly complex, and difficult to deal with, the pur- 
posive element of education is undergoing a gradual, 
hut radical change. The Industrial Revolution 
which started in the i8th century transformed the 
<^mplex of. society in many countries, giving rise to 


large urban areas l)a.sed on industries, where large 
rural iiopulatioii poured in and underwenl a rapid, 
but invariably painful process of urbanization. This 
not only gave rise to novel problems in public health, 
but opened up before the medical man large fields 
for practice and experimentation, but al)Ove all, a 
far wider scope for raising his income, which he fully 
utilized, taking advantage of his liigli and complex 
training in sciences. Treatment in most cases be- 
came so expensive that only the rich could afford 
it, while the poor man had to l)c left to his fate. 

It is only recently that there lias been a general 
protest against this slate of affairs, and the preven- 
tion of disease and maintenance of physiological 
hygiene for the general mass of ixipulation, and con- 
currently a strong demand for social security in 
health matters for the community have loomed up 
before governments. The doctor has also to realize 
tliat he should not regard himself as n mere thera- 
pist. The i)ublic has realized that though the pre- 
sent day doctor may be in possession of sufficient 
scientific means to pracli.sc curative medicine on a 
large .scale, the ideal should be prevention of diseases, 
the chief cause of which is poverty with all its dire 
conseciucnccs- ignorance, slums, malnutrition, pro- 
stitution etc. For a .solution of the cognate problems, 
medicine needs to be a social science and what is 
needed to-day is that wc jirodiicc not only a scientific 
physician well-trained in laboratory, clinic and field 
work, but a social physician who is conscious of the 
scientific developments, the siKial functions of 
medicine and the social maladjustments which give 
ri.se to disease. Sir George Newman has said, 

*'the ideal of medicine is Hie prevention of disease, .ind 
the neeessity for curative treatment is a tacit admis,sion 
of its failure.” 

As a result of this conception the barriers 
between preventive and curative medicine have been 
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gradually breaking down during the last 30 years or 
so, and the medical curriculum is gradually under- 
going a change. The student is being taught not 
only to become interested in disease but also in 
health. He is being taught that every case should 
be analyzed medically and socially as to the factors 
which have made it i)Ossible to produce the diseases, 
and as to what measures could be taken to prevent 
similar cases in the future. The student must be 
made familiar with the problems, working and living 
conditions of the different income groups of the 
po])iilation. It is being impressed upon him that 
medicine is not a comi>etitive business but a service 
and that there is no direct relation between their 
work and their income. The idea of State Medicine 
is gaining ground, aiming to provide the physician 
with a decent, though modest, living on similar lines 
to that of other public services. Thus the objective 
of medical education lias changed, necessitating a 
new curriculum adapted to the present and future 
needs of the society. The purpose of the curriculum 
should be to guide the student and to help him to 
develop his personality and a correct attitude towards 
the problems of health and to acquire knowledge and 
skill in the technology and sociology of medicine. 

An inquiry into the curriculum and methods of 
training in medical education was carried out in more 
than one country during the early years of the pre- 
sent century. As a result of these inquiries certain 
principles have been establi.shed, the more important 
among them being as follows: — 

(1) That a definite minimum standard of education 
must precede admission to a medical schof)l or college and 
that this should include physics, chemistry and biology 
for at least 2 years. A certain number of hours should 
also be devoted to the history of science sitid iutnKluction 
to medicine, Iniigtiages and literature, mathematicH, an> 
thropology, sociology and economics. In order to make 
this pre-medical education effective, the secondary educa- 
tion which the .student has received must be of the proper 
standard, as the difference between secondary and univer- 
sity education is as the difference between immaturity and 
maturity. It is widely agreed that the leaching of basic 
sciences should begin at school and that, in the university 
course of general science, stress should be laid upon physi- 
cal chemistry and organic chemistry and that in the bi«j- 
logy course more stress should be laid on such biological 
principles as the theory of evolution, adaptation to environ- 
ment and genetics and less time should he given to 
memorizing of details of animal types. In choosing a 
student for the medical career, his or her academic record, 
intelligence, character and personality should lie taken into 
account. 

^ (2) That the main defects of the existing system of 
training arc (i) absence of the university ideal, (f/) sub- 
ordination of teaching to examination, and {Hi) waste of 
energy in hospital schools. 

Until recently the universities had confined them- 
selves to prescribing a curriculum and in conducting 
examinations on 1 syllabus. The educational ideal 
fell short of broad educational objectives which 


required that the basic training ediould indude the 
acquisition of knowledge of the fundamentals of the 
medical sciences, the acquiring and understanding of 
certain indispensable techniques, the development of 
initiative, of a sdentific point of view, and of proper 
methods of work. The intention of medical teach- 
ing institutions was not to make its students experts 
in all the subjects but rather to have a sound founda- 
tion for future -development. The education of a 
physician is never completed and it has to be con- 
tinued throughout his professional life. Medical 
education is directed towards two objectives— 
educational and vocational. In the former, the 
student is taught method .so that he can collect, 
analyze and interpret facts for himself and observe 
and understand what he observes. In the latter, he 
is given .such knowledge adapted to the requirements 
of the country as will enable him to ably practise 
medicine on his own account. In preference to the 
emphasis on factual knowledge, the student should 
be grounded in methods and principles which he can 
apply to the requirements of the situation. Tlie 
methods of examination of students have, therefore, 
to be adapted to the changing objectives and curri- 
culum. 

(3) The functions of a medical teaching institutiem are 
to provide stimulus, guidance, supervision and facilities 
essential lo its students in the acquisition of education. 
Contact with active research programmes or, tjcller, actual 
participation in such programmes, are factors of major 
influence in the educational developnietit of the student. 
Satisfactory stimulation and leadership is impossible iti 
the absence of a competent, intcrcstedraiid active faculty. 

(4) It is neccvssary for an institution of the modern 
type to address itself wholeheartedly to the advancement 
of knowledge, the study of problems, and the training 
of men at the highest level of efEciency. It is desirable 
that it should be afRliated with or integrated in an univer- 
sity, w'herc the pursuit of science and scholarship is the 
ideal, even if it means .some sacrifice of independence. 

In an university atmosphere the students have 
an opportunity to work in constant association with 
fellow-students of their own and other faculties, 
where knowledge is pursued not only for the sake 
of information but for the attainment of truth, with 
the further advantage of a close association of under- 
graduate and post-graduate work. Integration of 
medical colleges in an university offers opportunities 
for broadening the objectives and procedures of medi- 
cal education by the influence derived from wider 
association and the extension of the influence of 
medical education ii^to many spheres of university 
activity. The university faculties should be properly 
constituted to keep a vigilant eye on the methods of 
teaching imparted in the medical colleges under them 
and all appointments .should be made by the faculty. 
The college should be under a Dean who should have 
the necessary educational and administrative experi- 
ence in his native country and abroad and should 
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possess the necessary tact and administrative ability. 
The university should receive an adequate block 
grant from the Government to keep the medical 
college at the required level of efficiency. In addi- 
tion, it should try to secure decent endowments for 
expansion and research. As the cost of medical edu- 
cation cannot all be recovered from students* fees, 
it is best to keep students’ fees in medical institu- 
tions at par with fees in other lines of university 
activity and to offer scholarships and studentships as 
far as funds permit. 

(5) That medicine must Ije leurut neither from books 
alone nor from lectures alone but chiefly from observation 
of the sick, whether in the hospital or in the social milieu , 
and that all instruction is to be given by men actively 
engaged in research in their respective fields. 

Medical subjects have an observational and cx- 
lierimcntal basis which is constantly changing. The 
student must, therefore, be trained in these methods, 
not merely lectured to. 

(6) Tlie first 2 years of the under-graduate curriculum 
ill a medical college are usually devoted to the pre-clinical 
or basic sciences with n sprinkling of such knowledge of 
the human body and the human society as ('.an be assimilat- 
ed by the student, and the next 2 to 2'^ years are devoted 
to the application of the basic sciences in the various 
major branches of clinical medicine. An additional half 
to, one yetir is devoted to internship. This is followed by 
po.st-gradnate appoiiitmenls as '*hou$e ofliccrs", when the 
graduates receive detailed and specialized knowledge in 
different fields. 

It has been accepted that the former text-book, drill- 
nia-stcr courses are to be discontinued and didactic exercises 
K) be reduced to a minimuni. ’I'hese are to be replaced by 
actual experiences in the lalxiratorics, hospital wards, 
libraries, conferences, seminars, clinics and field wtirk in 
the community. 

It has been recognized that the student receives 
satisfactory guidance and supervision only through 
intimate and competent teacher-student relationship. 
The ratio between teacher and student for this pur- 
pose may vary from i :5 to i : lo. The optimum ratio 
of theoretical to practical training stipulates that for 
every hour spent on theoretical lecture at least 2 
to 3 hours should be alloted to practical instruction, 
whether in the laboratory, dissection room, bedside, 
clinic or the field. The pre-clinical course should 
include among its subjetts history of iiiedicine, ^io- 
loRy» bio-chemistry, bio-physics, and bio-statistics. 
The clinical course should include a training of nurs- 
ing, nutrition, housing and sanitation, social medi- 
cine, industrial hygiene and occupational diseases, 
pediatrics and psychiatry. The course must be 
supplemented by clinico-pathological and medico- 
sociological conferences, and at least two months of 
field work during every year of the clinical period 
should be given throughout^ the clinical cou^. 
Teams, consisting of students of medicine, nursing, 
midwifery etc., shall be sent out with instructors and 
their work shall consist of surveys in various regions. 


work in connection with public health agencies, 
nurseries, clinics, co-operative liealth associations etc., 
medical relief in distressed areas and similar tasks. 
The idea is to give the student a comprehensive view 
of the health situation and problems of the country 
both in rural and urban areas. It is expected that 
the student will thereby learn to identify his interests 
with those of the people. It is necessary that every 
medical college should have its own community 
practice fields. The teaching of preventive medicine 
should be organized on the same basis as the other 
major subjects in the clinical period. 

(7) Tost-graduale. ediiculioii should form an important 
fmrt of a medi(*:d teaching institution and should consist 
of (/) short or refresher courses, lasting a few weeks, on 
various subjects; (U) aiurses, lasting for several months, 
on broader subjects; (Hi) courses, lasliiig for one to two 
years or more, for specialists; and (iv) courses for auxi- 
liary personnel. 

(9) Every medical teaching institution should be pro- 
perly c(|uippcd with the necessary apparatus and an np-to- 
date functionating library. 

Mkdical Education in India 

Viewed in the perspective given above, let us 
try to assess medical education in India, ^me of 
the medical colleges in India were started one 
hundred years ago ; with the establishment of luiiver- 
sities in India in 1857 some of them were affiliated 
lo the universities. The universities laid down the 
curriculum ^nd conducted the examinations. The 
colleges were controlled by the Govenmiciit and 
teaching was imparted, until lately, by Ooverniiient 
officers belonging to the Indian and Provincial ser- 
vices. The appointments were not guided by the 
requirements of the professorial chairs, and very 
often teachers were transferred from one chair to 
the other in total disregard of the needs of education. 
Most of these institutions being under the medical 
branch of the Government administration, the uni- 
versities could not take part in shaping their policy. 
Despite the fact that all medical colleges in India 
today are affiliated to one university or other, educa- 
tion in them is not planned according to the true 
principles of university education, nor docs it suffi- 
ciently forcefully stress the modern trends in medi- 
cal and public health education neither does it 
sufficiently relate to the requirements of the country. 
It has been laid down in other countries that only 
men with high academic qualifications, teaching and 
research experience, experience at foreign univer- 
sities, originality, initiative, integrity and right out- 
look should be selected as teachers. There is a 
complete violation of these principles in the matter 
of appointing teachers in medical colleges and 
schools in India. Of late there has been a tendency 
to make appointments on communal basis to the 
detriment of academic objectives. Appointments on 
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coiiiniuiial considerations do not exist anywhere in 
the world. 

There is nothing like a Dean, in the real sense of 
the word, in most of the medical colleges to manage 
and shape the policy of education in these institu- 
tions. Very few of the Principals have any experi- 
ence with international trends in education and have 
made a special study of the subject. The result is 
that he carries on the day-to-day administration with- 
out any sustained effort to improve the quality and 
content of uliication. 

While England, America and other countries 
have tried to level up medical education to meet the 
growing needs of the modern community, medical 
schc^ls and colleges in India have largely remained 
medieval. The existence of university grade and 
lower grade medical schools is an anachronism in 
modern society. The number of institutions is not 
related to meet the needs of national health in the 
country. The institutions are ill-equipped, the curri- 
culum badly planned, teachers inadeciuatcly trained, 
teaching methods old-fashioned and the staff in- 
adequate. Teaching is still chiefly didactic and the 
social sciences have no place in the curriculum. 
There is no close correlation between the different 
stages of medical training --i)rc-mcdical\ pre-clinical 
and clinical. The teaching in most subjects is not 
purposeful and real, and violates Abraham Flexner*s 
dictum that “medicine is learnt ; it is not taught.** 
Many subjects which have assumed imT)ortance in 
medical education in various universities are notice- 
able by their absence in the curriculum in India. 
Besides, teachers hardly engage theiii.selves in re- 
search work and students are usually taught from 
books written in foreign countries, which do not 
contain the results of investigations carried out in 
India. 

The medical colleges, with the exception of one, 
arc not integrated in the universities. Except three 
non-official medical colleges, they are controlled and 
run by the medical administrative departments of the 
Government, who rarely possess the necessary train- 
ing ill planning and administering medical education. 
As far back as 1913, the Royal Commission on Univer- 
sity Education in London emphasized the incorpora- 
tion of medical schools into the universities. But in 
India, the old system has been going on to tlie detri- 
ment of a sound system of medical education. The 
levelling up of medical education in India is, there- 
fore, urgently needed. 

Most Faculties of Medicine in Indian Univer- 
sities have a Board of studies, formed from the 
members of the Faculty, one of whose important 
functions is to indicate how best the tools of scientific 
progress could be adapted to the changing needs of 
the coiiiniunity. It is sad to reflect that, instead of 


attending to this more important function, it is 
chiefly concerned with the selection of examiners. 

Post-War l-^tANNiNO in Medical Education 

It is rci)orted that a post-war coniraittee of the 
Government of India is now engaged in studying the 
standards prevailing in India with a view to devis- 
ing measures for improving them. It is hoped that 
their labours will bear early fruit. We hope the 
committee will realize that education is not only for 
today and that the methods of education that we 
employ today will help us to plan for the future. A 
(joorly designed and etiuipped medical college is a 
bad investment. We should like to draw the atten- 
tion of those concerned to the warning of Plato who 
.said that “the most gifted minds, when they were 
ill-educated, became pre-eminently bad.** India 
needs to hurry up if the enormous time lag is to be 
overtaken. 

SuottEstrd Measures op Reform 

The first reform that is needed is to abolish or 
raise the so-called medical schools in the country to 
the university level, and to level up the university 
grade medical colleges to. modern types. The univer- 
sities should take entire charge of the medical educa- 
tion through a proj)erly constituted Faculty of 
Medicine, where teachers should have a predominant 
voice not only in laying down the curriculum but 
also in the selection and appointment of the proper 
type of personnel. If all the medical colleges can- 
not be raised to the high-ranking university type, 
at least one college .should be so raised in each pro- 
vince or under each university. The Medical Council 
(;f India may co-ordinate medical education in the 
various provinces. The Government should make 
an adequate grant to the university to improve medi- 
cal education and to run the colleges at the required 
level of efficiency. Teaching methods should be 
thoroughly revised and the proper type of teachers 
appointed. Less time should be devoted to text- 
1x)ok assignments and more to practice periods under 
proper supervision. Intimate and competent teacher- 
student relationship in medical education, which 
hardly exists here, should be introduced. It should 
be the aim of the university not only to arrange to 
train the necessary personnel but also to help in 
evolving practical methods of solving the various 
medical and public h^lth problems of the country. 

Hitherto the practice in medical teaching institu- 
tions has been to run the departments "on the cheap** 
by employing teachers whose minds and interests are 
bound elsewhere. So. long as the staff is mainly 
occupied in earning a limg in other ways than by 
teaching and research no real improvement can take 
place. If the standards of the teachers are poor. 
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it is bound to react adversely on higher medical 
thought and education. The higher-ranking institu- 
tions referred to above may help in training teachers 
of the proper standard. It is whispered that there 
is a proposal for starting such an institution in the 
capital city of India at an estimated capital expendi- 
ture of Rs. 7 crores! Remembering that India needs 
about no university-grade medical colleges to supply 
the personnel neces.sary to execute the programme 
for taking up the lag and that the allocation for 
public health expenditure may not be unlimited, it 
should be considered whether a high expenditure 
like this should be spent in developing a new institu- 
tion in which a lot of money will have to be sunk 
ill building.s, or whether it should be distributed in 
raising the standard of several existing provincial 
institutions. Moreover, one institution in India will 
not be able to .supply all Uie teachers needed for 
something like no medical colleges. It may so 
happen that some of these institutions may specialize 
in certain spheres, thus offering an opixirtunity of 
l)uuling the higher training facilities. No satisfac- 
tory improvement can take place unless and until 
all the senior teaching appointments are made full- 
time, with adequate emoluments to prevent them 
from being lured by other sources of income. 

Scientific research in the iituversilics, both for 
its own sake and as a background for .scientific cdu- 
( iitioii, is the fuiidanieutal basis of all scientific i»ro- 
L-rths. The unsatisfactory state of research in the 
Indian Medical Colleges is due to the absence of 
academic influence or an university atmosphere. A 
fair amount of medical research in India has been 
(lotie at special institutes not connected with medi- 
i-al colleges or universities. This deprives the re- 
search workers from the stimulus obtainable from 
young eiKiuiring mind.s in an uiiiversily environment, 
while it hampers the growth of research centres in 
teaching institutions. The sooner this anomalous 
tendency iffe^^iven ui) the better. 

In the absence of high-ranking medical colleges 
ill India, and in the absence of a good system of post- 
graduate education and research, many talents which 
can be brightened by polishing, do not get a chance 
of improvement. It has been stated that post- 
graduates in India find it ea.sier to obtain qualifica- 
tions in foreign countries than to secure them in their 
own alma mater. For this situation, the universities 
as well as the medical colleges arc to blame. In this 
connection, the criticisms made by a distinguished 
member of the Indian Medical Service (Lt.-Col. G. 

McRobert) in a recent issue of the Indian Medical 
^•dzeite (April, 1944) are both timely and justifietl. 


llNDaSlRABl^K COMPROMISK WITH PSHODO-.SClKNCK 

Lastly, one thing requires close consideration by 
the i^eople of India ; it is with , regard to the tendency 
of Provincial Governments and l(x:al bodies to set 
up or support separate teaching institutions for 
Ayurvedic, Unani and Homeopathic medicine. This 
is creating complications, wdiich will be difficult to 
remove as time goes on. The present tendency of 
Provincial Governments to register practitioners of 
tliese separate systems of medicine, most of which 
lack .systexiialic .scientific training, is a move in the 
wrong direction. Science is progressive and is the 
same throughout the world ; tlic basic sciences of 
chemistry, physics, Ijiology, physiology, pharma- 
cology, t)athology, and bacteriology are the same all 
over the world. The criterion of the right of a 
doctor to medical practice or to the privilege of re- 
gistration must depend on the basic knowiedge he 
possesses of the fundamental sciences of chemistry, 
physics, anatomy, physiology, ])harinacology, patho- 
logy and of medicine, surgery, midwifery and other 
cognate subjects. All the tools of modern science 
must be utilized for the early and correct diagnosis of 
diseases, and unless an accurate diagnosis is made no 
proi)er treatment is possible. No system of niediciiie, 
Ayurvedic, Unani or any other, can get on with- 
out the help of modern basic sciences. There should 
lx* no spirit of communalism or opportunism concern- 
ing matters of life and death of millions of the popu- 
lation of India. The question of prevention of oom- 
inunicable diseases cannot be successfully solved un- 
less scientific methods of proved efficiency are 
adopted. The proper move should be to have only 
one medical science which has been worked out by 
the scientists all over the world, incorporating into 
it whatever good there may be iii the indigenous 
medical sciences of the country. It is not our pur- 
pose to say that medicines in the other systems of 
medicine are not efficacious but that they require 
to be scientifically studied and the best place for 
doing this would be the university grade medical 
colleges with their attached hospitals where a 
seixirate section may be kepi in the Department of 
Pharmacology and Tlicrapeiilics for the study of the 
indigenous remedies, 'riie students of today will 
then get an opportunity to know what is be.st in 
the indigenous systems and to utilize it in the 
amelioration of human suffering, instead of the pre- 
sent confused stale of affairs. If India is to achieve 
her place among the first-rank nations of the world, 
she must advance with the help of modern sciences 
and she must discourage any retrograde measures 
which will impede that progress. 
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JOHN DALTON (1766-1844) 


|.<^XACTlvV a century ago, on the 27lh July, 1844, 

John Dalton, the founder of the atomic theory, 
passed away from this world, but left a legacy behind 
which lias enriched the world of science and the 
entire civilization to an extent that can be said of 
very few other men. Though one of the greatest 
.scientists of the world he was not less so as a man. 
For, he was not born with a silver spoon in his 
mouth ; and it was by means of sheer perseverance, 
selfless devotion, firm determination, ceasele.ss labour 
and untiring .struggle against many adverse circum* 
stances that he rose to the high iiosition in life — 
a position not of wealth, of course, but a far nobler 
one of benefiting mankind. Though rich in fame 
he always remained poor in worldly wealth. His 
habits were extremely simple and unassuming ; he 
never cared for money and devoted himself un- 
reservedly to the pursuit of knowledge for its own 
sake. These are the sterling qualities which con- 
stitute ingredients of a real man and enable him to 
stand head and .shoulder above his fellow men. Tliis 
was what Dalton himself said in later life : 

'*lf J have succeeded l)etter than many who surround 
me, it has lie.cn cliicfly—T may say almost solely— from un- 
wearied assiduity ; this not so much from any superior 
genius that one man posse.s.ses over another but more from 
attention to study and perseverance in the objects before 
them that some men rise to a great eminence than others.” 

If genius may be (lefined as *an infinite capa- 
city for taking pains*, then we may call Dalton a 
genius. 

Dalton wa.s born in 1706 in a thatched cottage 
of a humble family in the village of Kaglesfield in 
Cumberland. Ilis father Joseph Dalton was a hand- 
loom weaver. Dalton thus described his own early 
years — '‘The writer of this was born at FCaglcsfield, 
near Cockermouth in Cumberland. Attended the 
village school there and in the neighbourhood till 
IT years of age, at which period he had gone through 
a course of mensuration, surveying, navigation, etc.” 

Between 11 and 12 years of age he opened a 
.school ill his father’s bam for children of both sexes. 
At T5 he left his native village and walked about 
.|o miles to join his brother’s school at Kendal where 
he worked as a teacher with his brother for 12 years. 
During this period he was also engaged in self- 
improvement and self-eclucation. By hard and un- 
remitting toil he became a good mathematician and 
accpiaiiited himself wuth the work of Newton, as well 
as those of other Gnglish and Continental men of 
science. In 1793 he came to Manchester as a teacher 
in Manchester Academy (Manchester New College) 
and earned ;£8o/- only for a session of 9 months. For 
six years he served as a tutor in this college teaching 
mathematics and natural philosophy. He then 
resigned and devoted himself to scientific enquiry 


earning his bread by private tutition which provided 
him with sufficient means to meet his small needs. 
He continued with this mode of life till his death 
in 1844. At the same time he was always meditat- 
ing and experimenting upon the composition of air 
and constitution of gases, which led to his discovery 
of the Law of Thermal Expansion of Gases with 
which his own name is associated with that of Gay 
Lussac. He also studied the absorption of gases in 
liquids and as a result thereof formulated the Law 
of Partial Pressure, also associated with the name of 
Henry. To him we owe further the discovery that 
gases are heated by compression and cooled by ex- 
pansion against pressure. 

In 1800, he became the Secretary of the Man- 
chester Literary and Philosophical Society, of which 
he was elected President in 1817 and continued ns 
such until his death. He had his laboratory in the 
house of the Society, and his diary and manuscripts 
still remain in their possession. The Society also 
published most of his scientific papers. Dalton’s 
mind was philosophically bent, and, influenced by 
Newton’s views, he believed in the existence of 
atoms long before his formulation of the Law of 
Combination in Multiple Proportions. It may be 
stated that his atomic conception of matter guided 
him in the discovery of this law and not, as usually 
believed, that the latter led him to the discovery f)f 
Ihe Atomic Theory. The Law of Multiple Propor- 
tions resulted from his examination of the coiiii)osi- 
tion of marsh gas and ethylene, as well as of oxides 
of nitrogen. For, he found that when two substances 
combine they do so in simple multiples of whole 
numbers. He showed that atomic conception of 
matter could satisfactorily account for all the physi- 
cal properties of gases studied by him, as well as the 
Law of Constant Proportion formulated by Proust 
and that of Multiple Proportion by him^ He thus 
adduced experimental evidences for the first time in 
supi;)ort of the Atomic Theory of Matter. At the 
end of his great paper “On the Absorption of Gases 
by Watex and other Liquids" which was read before 
the Manchester Literary and Philosophical Society, 
Dalton gave an account of his work laying the 
foundation of the Atomic Theory. 

The fundamental assumptions of Dalton’s 
Atomic Theory can be stated as follows: 

(1) Every elementary substance is made up of 
minute indivisible homogeneous particles called 
atoms. 

(2) Each kind of atom possesses a definite and 
constant weight. 

(3) Chemical combination takes place between 
atoms. 
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Since its formulation Dalton's theory has been 
subjected to repeated assaults and as a result cf' 
recent advances in physical science his first two 
assumptions have lost their strict validity. Never- 
theless Dalton’s atoms still constitute the building 
stones of our chemical science and still serve to re- 
present the composition of, and the reaction between, 
chemical substances. 

It may be said that through the formulation of 
Atomic Theory Dalton provided the final and abso- 
lute proof regarding the conservation of matter, and 
that his service to chemistry is on a par with that 
of Newton to astronomy. The first printed account 
of his Atomic Theory was published by Dalton him- 
self in t8o8 in Part I of his “New System of Chemi- 
cal Philosophy”. He constructed a system of nota- 
tion for graphically representing atoms and the com- 
lx)sition of chemical compounds ; and he also deter- 
mined the values for relative atomic weights of 
different elements. But these never came into 
general use in view of better and more rational 
.symbols subsequently introduced by Berzelius, who 
also supplied more exact values for the relative 
atomic weights. 

From the beginning of his career Dalton was 
very fond of making meteorological observations, 
which he made into a great hobby and continued till 
the very evening before his death. Dalton died in 
his bed after retiring for the night at the end of 
his day's work. He made altogether no less than 
200,000 meteorological observations. 

Dalton was invited to deliver a series of lectures 
at the Royal Institution in lyondon in 1803-4 when 
he publicly announced for the first time the dis- 
covery of the Atomic Theory and the Law of Com- 
bination in Multiple Proportions. By his uncere- 
monious and unassuming behaviour, and notably by 
his use of the country dialect, he created a sensa- 
tion in the polished, genteel and fashionable society 
of London. On his side, he, too, was shocked by 
the bustle and din of tlie great metro|K)litan city 
and wrote "London is a most surprising place, 
worth one's while to sec once, but the most dis- 
agreeable place on earth for one of a contemplative 
turn to reside in.” Dalton was invited to deliver 
lectures also at Glasgow, Edinburgh and other 
places, and received scientific honours from almost 
all parts of the w-orld. In t8i6 he was made an 
Associate of the French Academy— the highest 
dignity awarded to any foreigner. In 1822 he was 
elected a Fellow of the Royal S<x:iety and in 1826 
the first Royal Medal of the Society was awarded 
to him. 

With the simplest ]X)ssible apparatus that can 
ever be imagined Dalton achieved results of far 


reaching consequence. A penny ink-bottle closed 
by a cork with a tube fixed in it, a couple of 
ordinary apothecary's scale and one or two thermo- 
meters serve as typical examples of the apparatus 
in his stock. 

His habits were very simide, methodical and 
uniform. He practically spent every day all his time 
in the laboratory except on Thursday afternoon, 
when he would play a game of bowls with his 
friends and afterwards refresh himself with a pipe 
of tobacco, lie was a very early riser and would 
repair immediately to his laboratory. A lady living 
opposite to Dalton’s laboratory in Manchester once 
remarked that she could know her time almost 
exactly to a minute from .seeing the DexHor open his 
window for reading his Ihermometcr.* In fact, he 
spent all his waking hours for the pursuit of science. 
Dalton lived a single life and u.sed to say, when 
«luestioncd by friends, that he had no time to marry. 
His holidays w^ere few and were mostly spent in the 
lake districts of England asivuding iiiuuntains, 
measuring their heights by his self-made barometer, 
determining dewpoint and collecting samples of air 
at different altitudes for analysis in his laboratory at 
Manchester. 

Dalton was colour-blind and cotild not distin- 
guish between red and green ; a i)henomenon dis- 
covered for the first time by him in 1794 and that in 
himself. It, therefore, goes by the name of 
Daltonism. 

Dalton w'as a rather poor speaker. When as 
Pre.sident of the Manchester Literary and Philo- 
sophical Society he had to make some comments on 
any paper read before the Scx'iety, it is reported that 
he would have satisfied himself simply by saying 
“This imper will no doubt be found interesting by 
those who take an interest in it.” 

With utter contempt for wealth Dalton lived a 
life of self-imposed poverty. Late in life he was re- 
lieved from the drudgery of his tuition and the 
worry of earning his bread by a Royal Grant of 
;Ci5o/-, afterw^ards raised to ^£300/- per annum. 

Dalton was held in great esteem and love by 
his countrymen, specially by the people of Man- 
cliester who already raised in his life-time a sum of 
jC2,ooo/- for his statue. After his death, on the 
day of his funeral many mills and .shops of the city 
were closed. An important street of the city was 
named after him. Dalton Chemical vScholarship was 
established in 1806 in Owens College, Manchc.ster, 
to perpetuate his memory.- This was the first scho- 
larship in England awarded for original research. 

P. Rdy 

* A .similar story is told of linniaiinel Kant , the Oerniaii 
philosopher, who was also a bachelor like Dalton. 
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THE GYROSCOPE AND ITS APPLICATION 

B. B. SEN 

I'lIYSICS nia*ARTMKNT, UNIVERSITY COLUCK UV SClliNCK, CAVTUTTA. 


Introduction 

^IIK “(jyroscope”, or “(lyrostar* as some calls 

it, has been for a lonj? time one of the mysteri- 
ous scientific toys apt>arently disobeying the laws of 
mechanics. The gyroscope is, however, only a glori- 
fied scientific name for a spinning top. Such a top 
has a unique tendency for retaining its orientation 
in space and resents, while spinning, any change of 
orientation when a force is applied to do so. The 
size of the gyroscope varies from a few ouik*cs to a 
few tons according to its u.sc and application. 

As early as 174,^ Mi* Serson, an ingenious 
mechanic look a hint from the axial rigidity of a 
spinning top in space and developed an instrument 
which was in fact a gyroscope. He look a iR)lished 
metal disc provided with a spindle and set it rotating. 
With the help of this clcMiientary gyroscope he wanted 
to establish an artificial horizon at sea and under- 
took experiments to that end, which he could not 
unfortunately complete owing to a disaster. After 
him, George Graham .studied this instrument and 
tried many experiments to establish its properties. 
About 25 years later Admiral Meurias constructed 
a gyroscope to establish the artificial horizon at sea.* 
His gyroscope had a rotor weighing about 175 
grammes with a speed of rotation of 4800 r.p.m. 
and was driven by means of a jet of compressed air. 
Due to mechanical defects its siwcd did not go up 
very high, and the instrument did not prove to be 
of much use. In 1810, liohnerberger successfully 
constructed a gymscoix; of elementary type with a 
spheroid rotor. 

In 1 8.^6, I{dward Lang read a paper before the 
Royal Scottish Society of Arts, suggesting an ex- 
periment with an instrument similar to a gyroscope, 
l)y which rotation of the earth could be directly 
proved. After 16 years, in 1852, the French physi- 
cist Leon Foucault quite independently took up this 
experiment and called the in.strument a “Gyros- 
cope**, a name which has persisted since then. But 
Roucault*s experiment did not attVact widespread 
attention, till it was rciieated by the British Associa- 
tion in Liverpool meetings later. The gyro.scoixs 

Due to rolling and pitcliing of vessel, and in fog, 
it i.s very difficult to make any observation, with reference 
I to natural horizon. I'or this aii artificial hftrizon which wiR 
maintain horizontal iMisitioii in spite of rolling and pitching 
is needed for correct observation at sea. For instance, 
for sextant ob.servBtiou of altitude, a .steady horizon may 
be procured by attaching a mirror to the support of the 
gyroscope and setting it once for all by means of a spirit 
level. 


was utilized by Prof. Piazzi Smyth in 1856 to 
stabilize astronomical telescopes at sea. Attempt was 
also made to couple a gyroscope to the^ equatorial 
mount of a telescope so that the latter remained 
fixed in space. 

Until the end of the last century, the gyroscope 
was however an instrument of demonstration only, 
but since then its practical a])plications have in- 
creased at such leaps and bounds that gyroscope is 
today one of the most powerful appliances at the 
dis]Kisal of seamen, aviators and railway men during 
peace and war. 

P11Y.SICA1, pRrNCTPj.E OP Gyroscope 

Before discus.sing the various modern appli- 
cations of gyroscope, we shall do well to examine 
briefly the physical principles involved in its work- 
ing. All rotating bodies show gyro.scopic pheno- 
menon, but its effect is observable only when the 
angular momentum or the moment of momenluiii 
is large. As is well known from simple principles 
of dynamics, the angular momentum of a rotating 
body depends uixm three factors: (r) the mas.sivc- 
ness of the rotating body, (2) the speed of rotation 
and (3) the square of the distance at which the mass 
is effectively situated from the axis of rotation. 

These three physical factors clearly suggest that 
to get a firoiiounced gyro.scopic action, the rotoj- 
imi.st be of a heavy material, the mass .should l)c 
disposed as far away from the axis of rotation as 
practicable, and at the same time, the speed of rota- 
tion should be appreciably high. I'he rotor must 
be well balanced and its mounting slionld be free to 
l>eriiiit .smooth rotat^ m at high speed. 

A simple form of gyroscope is represented 
diagrainmatically in fig. 1 . “A** is a heavy rotor in 
the form of a fly-wheel free to rotate about its 
spinning axis B-B^, which is called the axle of the 
rotor. It is mounted on the ring which turns 
freely about the vertical axis V-V', which is in the 
plane of the wheel intersecting the spinning axis 
at right angle. The rotor with its new fittings is 
again mounted on another ring in such a way that 
it can rotate about the horizontal axis 
which intersects the vertical axis at right angle. 
The .spinning axis and the vertical axis are always 
at right angles to each other ; so also the vertical 
axis and the horizontal. But the spinning axis may 
make any angle with the horizontal axis Le., it may 
be in any direction horizontally and, therefore, in 
any direction in space. 
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Two important physical properties of its motion 
guide the application of the gyroscopic phenomenon. 
The first property is the rigidity of the direction of 
its axis of rotation and plane of rotation relative to 
the space ; this enables the gyroscope to be carried 
about on its support in any manner without changing 
the direction of its axis of rotation. The second 
property is what is known as "precession”. When 
a pressure is applied against the supporting rings of 
the gyroscope with its rotor spinning, a iKJCuliar 
phenomenon is observed. Suppose the pressure be 
applied so as to move the gyroscope about its hori- 
zontal axis. The supporting ring, instead of moving 





in the direction of the applied pressure, will resist 
this pressure and move about the vertical axis of the 
gyroscope at right angles to the applied pressure. 
Similarly, if a pre.ssurc be applied about the vertical 
axis of the gyroscope it will resist this pressure in 
this direction and will move about the horizontal 
axis. Practical application of a gyroscope requires 
restraint or control of its freedom according to the 
need of the purposes. 

Applications of Gyroscopk at Ska. 

(i) Gyro-Compass . — ^In 1883 and 1884, at the 
meetings of the British Association at Southport and 
^lontreal, Lord Kelvin suggested a method of con- 
structing gyrostatic compass. Now-a-days almost all 
the big ships are equipp^ with a gyro-compass. Its 
advantage is well appreciated by the naval authorities 
all over the urorld. The presence of great masses of 
iron and steel seriously impairs the accuracy of the 
magnetic compass, and as such magnetic compass is 
not dependable where high degree of accuracy is 
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required for the gun-fire control. Both the properties 
of the gyroscoi)e, viz,, its rigidity in space and the 
processional characteristics, have been utilized in the 
gyro-compass. The actual instrument on a big liner 
consists of a wheel weighing 50 lbs. and driven by 
an electrical motor at 5,000 revolution per minute. 
It is supported on horizontal bearings inside a vertical 
ring. This ring is in turn hung froin the centre of 
the compass-card. The North-South axis of the 
compass-card is first set up in true geographical 
North-South axis t)f the earth and the gyroscope is 
allowed to run. Then the conii»ass will show always 
the true north. 

(2) Gyro-sidbilizer . — In order to increase wnifort 
and pleasure in ocean travel and to reduce stresses 
and strains imposed on a ship’s frame-work during 
rolling in a heavy .sea, different instruments have been 
devised to stabilize the i)itchiiig and rolling of the 
ship. In 1Q07, gyroscope was utilized by Schilick 
in such a device. His method proved successful. 
The gyroscopic stabilizer designed and developed by 
E. A. vSperry, however, api)ears tt> have achieved the 
greatest measure of success in thi.s direction. This 
stabilizer is a compact unit generally located below 
the deck and on the centre line of the ship. It 
consists e.ssentially of a rotor of special steel weighing 
from a few pounds to several hundreds of i>ounds and 
having a speed of rotation of about 18,000 r.p.m. 
It is supported in a casing which is on the horizontal 
‘Thwartship* (i.c., across the shii)) gudgeon K^aring 
so that the rotor axle, when central, is vertical with 
the ship on even keel or at perfect rest. The only 
apparent movement of the stabilizer other than the 
spinning is a precession fore and aft the ‘Thwartship* 
bearing. In diiing so the gyro-stabilizer exerts a 
l)roi>er force against the action of the waves as they 
tend to roll the ^lip. 'fhe gyro-stabilizer quenches 
the force of each wave and never allows the ship to 
roll more than 3 to 4 degrees. The advantage of a 
non-rolling ship consists not only in the physical 
comforts of the passengers but also in the use of less 
power needed to propel the ship. Sister in.strument 
of the gyro-stabilizer is the roll and pitch recorder 
which records the amplitude of roll and pitch of a 
ship. 

(.^) Gyroscope for Steering Torpedoes. — L. Obry 
of Trieste, sometimes an officer of Austrian Navy, 
was the first man to utilize a gyroscope to steer a 
torpedo. The gyro.scopic steering of torpedoes has 
now found universal use. The principal member of 
the ton>edoc*s mechanical crew -is a gyroscope. Its 
rotor is a bronze fiy-wheel of the size of a tea-cup 
saucer which is set whirling at 18,000 revolutions a 
minute by means of a jet of compressed air. It is 
connected to a small engine which operates the 
directional rudder. The gyro-pilot, through the en- 
gine and the rudder, corrects instantly any deviation 
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of the lorplido from its aimed course. The humati 
pilot may err but the gyro-pilot never does. 

Si'KKry’.s (rYkoscopic Rah, Rrcokdkr 
li. A. vSperry, pioneer of gyroscopic instruments 
has utilized the services of gyroscope in studying the 
condition of rail-road. This instrument is the only 
means of obtaining a stabilized vertical within a 
running train, uninfluenced by the disturbing effects 
of the movements of the train. The gyroscope, 
jointly with the vertical seeking tendency of a 
pcndnlum, provides a means for construction of this 
apparatus with which to obtain exact replica of the 
l)ehaviour of the track as the heavy train passes 
over it. In actual practice, a pendulum is connected 
to a gyroscope wliich remains uninfluenced by the 
train’s movement. The pendulum .seeks to remain 
vertical and is able to record all the defects in the 
rail-road. Witli the help of this apparatus almost all 
the conditions of the rail bed can be deteriiiiucd. It 
is capable of recording accurately the difference of 
elevation of the two rails both on curve and straight 
sections of the railway and also the location of rail 
spread and rail depression. ^loreover, it can record 
the depth of low rail joints and all the inequalities in 
the railroad bed at the time when the rails are actually 
subjected to iiTii)act of the train passing over it at 
normal speed. 

GyRO-SCDPE and lilOND-RAlLS 
The use of gyroscope iu controlling a railway car 
was first iiitrotluced by Louis Hreiinan, when he 
exhibited his mono-rail car model. The car was 
driven over a single rail and its balance was controlled 
by a gyroscope. In December igog, Mr Brennan 
exhibited a much larger mono-rail car measuring 
4oxi,^XTo feet, weighing 22 J^ns and carrying 
40 passengers. The balance of the car was preserved 
by means of two gyroscopes weighing three quarters 
of a ton eaoli and spinning in vacuum at the rate of 
3,000 r.p.m. Both the car and the gyroscopes were 
run by ga.solinc motor and the car pre.servcd the 
balance under the severest tests such as the sudden 
shifting of passengers from one side to the other. 
Prccessional action duo to gyroscopic motion which 
would have ten<le<l to over-turn the car slowly was 
obviated by frictional devices. 

After Brennan Sclierl, a German technician 
of Dresden, exhibited his car controlled by 
gyroscopes run by electric motors. The rotors re- 
volved at 8,000 r.p.in., and tlie weight of the rotors 
was 6 per cent, to 7 per cent, of the total w'eight of 
the vehicle. Better and improved control devices 
have now practically eliminated accidents. 

Gradually gyroscopic controlled mono-rails are 
being improved ui)on, and in future it may demand 
a proper place in railway organizations of the world. 


OYROSC30PK IK Aviation 

It is in modern aviation that gyroscope has 
played by far the greatest jxirt. Blind flying, long 
distance flying and flying in odd days w'ould have 
been impossible, but for the gyroscope. In bad 
weather, in the midst of fog and cloud, gyroscope is 
the only hope before the pilot. Iu long distance 
flight when the' pilot wants a relieving partner, he 
has his gyro-pilot to take the full control of the plane 
from him. 

A man can at any time feel his attitude in space 
through three senses, namely, (i) his eyes, (2) his ears 
and (3) his deep muscular and nerve sense i.e., when 
the pilot goes up to higher altitude he feels a peculiar 
nerve sensation due to low atmospheric pressure and 
his tilt in .space. In clear days an aeroplane pilot 
can use his eyes to keep the aeroplane in normal flight 
with resi)ect to natural horizon. But what happen.s 
in the dark night in foggy and sultry day when the 
visibility is extremely poor, when all the senses of 
the pilot are of no avail to determine the attitude of 
his flight with respect to horizon, and when his sense 
of balance is confused and his spatial orientation 
inaccurate? Just to relieve the pilot from his con- 
fusion and to make his position secure, the modern 
airplane is equipped with three blind flying instru- 
ments. These arc : 

(0 Ciyro^horizon or Artificial horizon , — The chief, 
member of these grcmi)S of instruments is the ‘Gyro- 
horizon’ better known as artificial horizon. This 
instruinent gives the pilot a real direct reading in- 
dication of his flight attitude for bank, climb or glide. 
It is just a substitute for tlie natural horizon when 
it is obscured. 



Fio. 2. Gyro-TIori'/oii. 


Figure 2 represents a Sperry’s Gyro-horizon taken 
out of its case. The gyro-element in this is a heavy 
brass rotor (about 6 oz.) with ‘bucket’ depression 
round it. The rotor is capable of rotating at the 
speed of 12,000 r.p.m. approximately about its 
axis Z-Z', i,6., about its steel shaft. The rotor is 
mounted inside its housing and driven by the air 
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l)rcssurc (a vacuum of 3 to 4 iuchcs of mercury is 
innintained in the case which causes the air to rush 
in the housiiiR through an air filter and strikes the 
buckets of the rotor, making the later siiiii). The 
rotor with its housing is mounted in a glimbal ring 
(4) and is free to rotate about the “a thwartship** 
{i.e., pitching) axis Y-V‘. The whole mechanism is 
mounted inside the case of instrument and pivoted 
about the longitudinal axis X-X^; (a) is the iiointer. 
bar carried on an arm pivoted at the rear of the 
glimbal ring and is controlled by the gyro through 
a guide pin. There is a jiendultiin arrangement 
suspended from underside of the gyro-housing. This 
arrangement consists of four exhaust ports and four 
pendulous vanes controlling the air coming out of 
these exhausts, the reaction of which keeps the gyro 
axis uinight in straight flight. 

When the aeroplane noses up, the plane of the 
gyro remains horizontal and the pointer bar goes 
down. Thus the pilot observes the niinialurc air- 
])laiie of reference of the instrument above the pointer. 
Reverse is tbe case when the aeroplane glides or 
noses down. When the airplane banks or tilts alxnit 
its horizontal axis, the gyro, by its natural tendency, 
remains fixed in space, but the case of the insl rumen t 
with its miniature reference airplane tilts with it. 
'riius from the behaviour of the miniature airplane, 
the pilot knows his flying attitude in space, without 
any reference to his senses. 

(it) Gyro-directional. — The second member of the 
lilind flying group of instruments is the directional 
gyro. Due to the rolling, pitching and turning of 
an aeroplane, the magnetic compass swings and takes 
time to come to rest. I'lie psychology of the pilot 
is to turn his machine and cause 
more swings on the compass in 
order to follow the magnetic com- 
pass in its state of swing. Thus 
the magnetic compass alone is in- 
sufficient for .steering the idaiie 
accurately, hence the necessity 
of coupling it with a directional 
gyro. 

Figure 3 shows a Sperry’s Direc- 
tional Gyro taken out of case. 

The directional gyro is a horizon- 
tal axis free gyro provided with 
an azimuth card and setting 
devices. The rotor differs slightly 
from that of gyro-horizon in its 
design and is capable of spinning 
about its horizontal axis H-H* at 
about 10,000 r.p.in. driven in the 
same principle as the gyro-horizon. $ 

The rotor is mounted in a 
aimbal ring which is free to 


turn about the vertical axis V-V* ; (4) is a circular 
card calibrated in the same ivay as that of a compass 
card, attached to the vertical ring. The card can 
be read through an opening of tlie case which is 
closed by a glass window and thus it gives the bear- 
ing of the instrument. Due to the rigidity of a gyro, 
the whole system remains fixed in azimuth, and the 
air].)lane moves around it. There is a synchronizer 
gear and a pinion arrangement by which the instni- 
nient can be set and reset by slopping operation 
and again can be made free lo «)|)erate according to 
the will of the pilot. The rotor is kept ni^right with 
the help of two parallel air jets which drive the 
rotor. The instrument is set and reset from time 
to time with the magnet ie compass. 

(Hi) Turn and Bank. —The third member or the 
junior partner of the blind flying groiifi is the turn 
and bank indicator. It consists of an air driven 
gyroscope mounted in a single giinbal ring which 
carries the pointer and is free lo turn alrout the fore 
and aft axis. Its movement is icstraiiicd by a spring 
adjustable for calibration, and for the prevention of 
violent movements, there arc two dash pots. Any 
turning of the plane will cause the gyro to process, 
and the pointer will then indicate the right turning 
and rate of turning of the plane. The bank indicator 
which indicates the lateral altitude of the flight skid, 
side slip etc., is a curved glass lube as shown 
in the Fig. 4. The tube contains a liquid (non- 
freezing tytx?) and a black ball, and is sealed. On 
normal straight flight the ball remains Ixitween the 
two radium painted line; the back of the tube is also 
painted with a radium salt so as lo make it visible in 
the dark. In fact it is a kind of spirit level. 
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Fig. 3. Gyro-J>irectic»iial. 
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All these blind flying instruments have their 
respective oi>eratiiig limits. Tliese are parallely con- 



4. Turn innl Hank. 


ncctcd to a vacuinii valve system connected to a 
vacuum pump and to the system of Venturi tubes 
as shown in the Fig. 5, and are installed on .board 
the ship. Pressure inside these instruments is con- 
trolled and kept always at 3 to 4 inches of mercury 



Pio. .S. (seneral Connection. 

below the atmospheric pressure so that air gets in 
through the air filters and forces the gyro elements 
to run. All these instruments must be allowed to 
run for 5 minutes before the plane takes off so as to 
assure that the gyros have attained their operating^ 
condition. 


OyRo.pnx)T IN AID OF Long Distance Flight 
The idea of stabilizing an aeroplane with the help 
of a gyroscope is not new. At first, inventors seemed 
to have the idea of keeping an airplane on its course 
by the sheer force of a gyroscope which would grasp 
the airplane in a giant hand and compel it to preserve 
an undeviating direction. But it was soon proved 
mathematically that it would require a heavier gyro- 
scope than the aeroplane would carry. In 1914 the 
Sperry aeroplane stabilizer won the ‘grand prix’ in 
Pat^s for safety in flight. This apparatus consisted 


of four gyroscopes controlling the aileron and 
elevator. After this, the gyropilot proved an unique 
instrument for mechanical control and stabilization 
of an aeroplane. It has been observed that a human 
pilot soon becomes tired and fatigued and looses his 
course if he is to keep to his routine task of operating 
the flying control and maintain its course and atti- 
tude in long flight. “Gyropilot has solved this 
problem as it takes the control from the human 
pilot and keeps the course of machine all right during 
long flight**. Fig. 6 is a gyropilot or complete 
mechanical pilot. 



Fig. 6. Gyro-Pilol. 


The “brain** of the gyropilot consists of two 
gyros, one similar to gyro-horizon and another to 
gyro-directional. The main part of the brain which 
is similar to gyro-horizon controls the ailerons and 
the elevator of the plane, while the other part of the 
brain similar to gyro-directional controls the rudder, 
i.e,, the directional reference. 

The “nerve** system consisting of the air relay 
B and the balanced oil valve, E is a diaphragm, 
both side of which is connected to the exhaust 
opening D—Di of the air pick of X— X. 

The “muscular** system of the instrument 
consists of three hydraulic servo-cylinders, one of 
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which is shown in the Fig. 6 . Servo oil enters 
from one end of the cylinder and moves the pistons 
thereby exhausting the equal amount of oil from 
other side and takes it hack to the oil sump. The 
piston rod V — is connected to one set of the control 
cables of the aeroplane. When the plane is piloted 
by a human pilot, the handle is in “off” position. 
The valve R opens, the oil flows through the by-pass 
tube and controls can be moved freely by hands. 

By means of a vacuum pump the rotors of the 
gyros are aUowed to run. O is a suction regulator 
which regulates the air suction inside the gyrobox 
and allows the rotors to run at a pressure of 4 inches 
of mercury below the atmosphere. The oil sump 
N carries the reserve servo oil ; Q is a valve 
which regulates the oil pressure from the pump and 
permits it to circulate through the sump whenever 
the balanced oil valve cuts off the circulation to 
servo unit. P is one of the servo relief valves by 
means of which human pilot can take the charge of 
the aeroplane when the sysfem is in operation; Z is 
a speed regulator valve which regulates the oil si^ecd 
to servo unit and thus controls the speed of gyro- 
pilot’s control operations. A cable is connected to 
the servo piston rod at U running to a follow-up 
pulley vS on the gyro box which controls the gear 
and is ultimately connected to the air pick off, X — 

In normal level flight, the /auction pump, drags air 
equally through the e-xhaust parts 1) — D, at the gyro. 
This cciualizes the pressure on both sides of the 
diaphragm K. The arrow mark of the air relay 
shows how air is drawn in. When the oil valve 
O is in central i)osition, the servo jnstoii inoveincnt 
away from the neutral is stopped. W^ieiiever there 
is a variation in the attitude of the flight the relative 
movement lietween the boxes and the gyros (gyro 
remains fixed in space and the gyro boxes move) 
make uneriual suction through D— D|, thus admitting 
unequal quantities of air through the relay valve. 
In this way une(iual pressure is maintained on 
either side of the diaphragm B causing it to yield on 
one side and operate the spindle W attached to the 
diaphragm. The spindle in its turn opens and closes 
the ports of the oil pressure system G—admitting oil 
to either side of the piston of the servo unit. The 
servo-unit is connected directly to main control cables 
of the plane (not shown in the diagram) which 
prevents the deviation of the plane from the desired 
direction. We, therefore, see that the main energy 
is supplied not by the gyros but by the servo oi^ 
pump xlriven by the engine. The relative movement 
of the gyroscopes and their container controls the dis- 
tribution of oil from high pressure system to the con- 
trol actuating mechanism. 

Flight ray . — ^The most recent use of gyroscope 
in aviation is Sperry’s newly invented “Flight Ray”. 


Ill this instrument, the combined action of gyro- 
horizon, direction-gyro, turn and bank and altimeter 
is focussed on the luminous screen of a cathode ray 
tube. With a single observation, the pilot can read 
the oi)erations of all the members of the instruments. 
Thus by combining gyros with a cathode ray tube 
the task of the pilot has been considerably simidified 
by the inventors and engineers. This flight ray has 
undergone .severe tests at Indianapolis airport and 
many blind landings deiiending solely on the indica- 
tions of the flight ray have been successfully made 
during recent years. 

This war has seen many new uses of the gyro- 
scope. One of the most interesting use is gyro- 
control gun-turret of a lank. This tyj^e of tanks 
were first used by the Russians in the eastern front. 
The gun-turret is coui>led with a gyroscope, the 
turret-gun of the tank is first aimed at a particular 
direction, and the control of the gun is maintained 
by the gyroscoi)e. The gyroscope, by its properties, 
never allows the gun to change its direction, and 
the tanks go on as they like l)iit the guns go on 
firing their shells in the aimed direction. The 
advantage is that the tanks, by moving in zigzag 
course, violates the aim of the enemy, but its own 
aim at the enemies is not lost. 

Another achievement of the gyroscoi)c is the 
gyro-control unit of the “flying bomb”. Con.struc- 
lion of the flying bomb still remain a matter of 
controversy. But the out-Iinc of this can be drawn 
as following. Flying bomb carries its explosives 
inside a chamber in its main fuselage. It is pro- 
pelled by jet proi)iilsion method of rocket .system. 
'I'he fuel used is petrol. The control unit with 
which the direction of the bomb is kept fixed, is 
a gyro-pilot similar to one which has been explain- 
ed before. According to the distance of the target 
the calculated quantity of fuel is charged. On 
reaching the target the fuel is exhausted and a lever 
oiKirates the gyro-pilot which forces the bomb to 
dive at an angle of 60 ^ to the horizon and strikes 
the target. Kxplosive.s burst in a fraction of a 
second after its striking. 

The use of gyroscope is more and more being 
appreciated by inventors, amateurs and engineers 
and they are using it as a means of mechanical 
stabilizer in space. It has so far proved its worth 
quite satisfactorily. In future, it may create more 
wonders in the field of iiiveutions. 

References 

1. Nelson's Encyclopaedia, It, p. 558; 19, p. 6ft. 

2. Encyclopaedia Hritannica, 11, pp. 46-48. 

3. Andrew Grey's “Gyroslatic and Rotational Motion". 

4. New Wonder World, 2, p. 165. 

5. Scienlific American, p. 308, 1938; p. 186, 1942. 

6. Newne*s Aeroplanes Instrument, Part I (Molley and 

Knott). 



no 


SCIENCE AND CULTURE 


Vol. X, No. 3 


PLANT BREEDING IN INDIA 


Jj^R C. 1 >. DARLINGTON, F.R.S., has an inter- 
esting article on “Plant Breeding in India” in 
a recent issue of Discovery, wherein he has analy7x*d 
some the causes of the failures of agriculture 
in India and offered suggestions of improvenient 
through plant breeding. He referred to the syste- 
matic and unchecked deterioration in the producti- 
vity of Indian soil during the last 40 or 50 years, in 
which time other countries, notably U. S. S. R., 
L. S. A., Britain and Sweden, were busy inii)roving 
their old and traditional methods of cultivation and 
devising fresh applications of science to the progress 
of agriculture. She is no longer reckoned with as 
the greatest storehouse of iilaiil wealth, which she 
used to be in the old days. 

Since then her population has increased four 
fold ; but her land productivity has miserably failed 
to keep pace with this rate. During the last 50 
years she could not increase her acreage under wheat 
by more than 50 per cent., nor could she arrest the 
.steady decline in the average yield per acre, which 
has fallen from 0*38 to 0*30 ton. In course of the 
last 30 years, her area under oil seeds, fruits and 
vegetables and other vitamin crops has gone down 
from 5*7 to 4*8 million acres with the consequence 
that fruits which once grew in abundance in India 
have now to be imported from abroad. The recent 
famine which has overtaken parts of India and whose 
menace has not yet been lifted altogether from the 
country has its origin, in the opinion of Dr Darling- 
ton, ill the deterioration of the land productivity and 
the absence of efforts on the part of the powers that 
be to harness science to the promotion of agriculture. 

Dr Darlington traced the development of plant 
breeding as a science and alluded to the progress 
made in other countries in this respect. First steps 
towards plant breeding were taken some 200 years 
ago when private firms made their appearance in 
Europe with a view to raising seeds for the cultiva- 
tor. Before that the farmer used to breed his owm 
seed and did not usually make any attempt to sepa- 
rate the various types of the same grain and had often 
sown mixtures of different grains, such as wheat and 
rye. The advent of such private firms made possible 
the selection of better seeds of one particular colour, 
quality and time of ripening and was soon responsi- 
ble for the production of improved grains, pulses and 
vegetables in general. Thanks to the pioneering work 
of Keen and Laxton, modern special straw berries 
were grown in England, while Vilmorin in PVance 
'created the modern sugar-beet, raising its content 
of sugar from 6 to 16 per cent’. 

The success of the new enterprise soon brought 
into existence numerous other private firms. The 


gradual expansion of seed trade, all in private hands, 
Iwl ill course of time to unfair competition, loss of 
quality and other complications. Next important 
step was, therefore, taken when modern State Insti- 
tutions rcsi)onsible for the control of seed trade were 
created. The research centres now existing in 
Moscow, Washington, London and Delhi carry on 
scientific work relating to the ccmtrol and breeding 
of new plants. 

Dr Darlington referred to some modern practices 
in hybridization. Methods involving the use of drugs 
and X-rays are now available by which one can 
change the very heredity of plants and make them 
larger or smaller, annual or perennial. Species 
hitherto uncrossable have been crossed by chemical 
means and the sterile hybrids made fertile. 

The production of quinine in India is not suffi- 
ciciit for millions of Indians suffering from malaria. 
It is not enough to say that the cinchona ]>lant does 
not flourish in every part of India. By experiinciits 
on plant breeding 'new types mu.st be found and new 
hybrids rai.scd’. In this connection Dr Darlington 
mentions how in Russia, Sweden and Canada 
great areas have been brought under cultiva- 
tion by making new plants to .suit them. 
Thus new fro.st-resistant apples, hardy rye- 
wheaet hybrids, drought resistant or sand-binding 
grasses and pew forest trees have been successfully 
produced. In 1933, the United States introduced a 
new hybrid maize seed for cultivation, and by 1939 
some 20 million acres came under li\'brid maize all 
over U. S. A. The great thoroughness with which 
work on plant breeding is being carried on in U. S. 
S. R. is reflected from the fact that the State Agri- 
cultural Organization has a staff of over 20,000 
workers to control plant breeding. 

Recent work on plant breeding at the Indian 
research stations has clearly .indicated the possibility 
of improving crops, such as wheat, cotton and sugar- 
cane, already grown in this country. Despite the.se 
works, India with her rich and varied storehouse of 
tropical 2>lants largely unknown has hardly made 
a beginning and has not certainly touched the fringe 
of her va.st problem of plant breeding. 

Dr Darlington has the following plan to offer 
in the direction of plant breeding if full utilization 
of India’s rich treasure house of plants is to be effect- 
ed along modem scientific lines; 

(1) Collections pf the main economic plants suitable for 
India should be assembled and tested. These should not be 
confined merely to the species of the systematic botanists 
but should also include the local varieties of the farmer. 

(2) Botanic gardens should be properly organized and 
developed in oMer that they may function as places of 
acclimatization of new species and new varieties of useful 
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living plants, oil palms, citrus fruits, bananas, fibre plants 
and timber trees which can be stirted out by trial and experi- 
ment. 

iS) New stations should lie established for dealing with 
special crops whicli can be speedily turned to advantage 
either for home food production or for export. 

(4) Hlaborate plans to raise new plants by hyliridizalion 
should be developed ; great areas of jungle and desert arc 
lying fallow for want of a crop suitable for these regions, 
and accordingly new hybrids suited to such areas will 
have to be created. 

(.*>) The plant breeders should work in hiision with 
industrial workers, as a knowledge of the plant and its 
cultivation alone is not enough. 

(6) The plant breeding researi-li stations .should main- 
tain close contact with the cultivator who should be made 
to realize the significance of recent results of scientific 
research. New plants, whenever developed, should l)e 
brought to the cultivator and its success demonstrated to 
him. 

(7) 'rhe Government must take the responsibility of 
distributing seed of improved varieties to the peasant, as 
otherwise ilie work in the research station will be simply 
wasted. 


(B) Greater facilities for transport and communicalion 
should be created, and conditions of agricultural marketing 
should I>c improved. “A (joveriiiiient”, as Dr Darlington 
has most aptly put, “which is paying one lot of people 
not to raise pigs or t)otatocs cannot be expected to pay 
another lot of people to breed bigger and Ijelter pigs and 
potatoes.’* 

Plant breeding has a great future in India. 
Application of scientific methods has already made 
lM>ssil)le the cultivation of better sugarcane, tea, 
coffee and a luimbcr of other crops, and hencefor- 
ward the policy «jf scientific plant breeding should be 
pursued more vigorously than has been hitherto pos- 
sible. P.road vision and working according to long- 
term planning can alone solve India’s problem of 
feeding her poi)ulalion on a reasonable basis of health 
and nutrition and remove the menace of recurring 
famines to which she has been condeiiiiied during the 
last one hundred years or two. 

S. N. Sen, 


OBITUARY: PROFESSOR BIDHUBHUSAN RAY 


deeply regret to record the death of Dr Bidhu- 
bhusan Ray, Khaira Professor of Physics of 
the University College of Science and Technology, 
Calcutta, who passed away on July ?.<) at his Calcutta 
residence. He had a severe attack of Coronary 
Thrombosis in February, ig^o, while working in 
his Laboratory, from which he never fully re- 
covered. He was only 50 years of age at the time 
of his death. ^ Professor Ray was a physicist of 
iiiternalioiial fame, and Indian vScience has suffered 
by his death an irreparable loss. 

Born in July, 1894 in a resjieclable family in 
the District of Fjindi)iir, Bengal, Prof. Ray had to 
struggle hard with jioverly for his early education. 
Being endowed uith great talents, and ixissesscd of 
indihstrial habits he obtained many scholarships and 
distinctions during his academic career at the 
Ravenshaw College, Cuttack and the Presidency 
College, Calcutta. He look the M.Sc. degree of the 
Calcutta University in rgiS, shortly after which he 
was nominated for a post in the Bengal Civil Service 
as being one of the most meritorious students of 
his year. The late Sir A.sutosh, however, encourag- 
ed him in his scholarly ambition, and his personal 
aptitude for research led him to reject the offer in 
spite of the financial hardship which such a step 
entailed for him. His early researches were carried 
on under Prof. C. V. Raman. He obtained his 
Doctorate degree in Science in 1932 by a thesis on 
scattering of light which brought him great reputa- 
tion. It is well known that when light passes 
through a medium containing small particles in sus- 
pension, it decreases in intensity due to scattering 


by the medium and the nature of the transmitted 
light depends on the suspended particles. As the 
particles grow in size, the suspension refuses to 
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trausinil, first the shorter waves, and finally, 
the whole visible spectrum. This is precisely what 
is to be expected from the theory. But in 1914, 
Ifeen and Porter discovered the remarkable fact that 



112 


SCIENCE AND CULTURE 


Vol. X, No. 3 


after a certain sta^e the susi>ension again transmits, 
light, the colour being at first indigo, then bine, 
blue green, greenish yellow and finally again white. 
This remarkable rcai)i)earance of the transmitted 
light could not be explained by any hypothesis, and 
naturally doubts were felt regarding the actual 
presence of the effect. By making elaborate and 
accurate experiments Prof. Kay, in collaboration with 
Prof. Kaman, not only demonstrated the existence of 
this effect but also succeeded in giving a satisfactory 
explanation of the phenomenon by considering the 
interference of the direct light with the light scattered 
by suspended particles. His findings have an im- 
portant bearing on the colouring of glasses l>y 
sus])ended metal particles and the axial colours 
exhibited by clouds. 

Prof. Kay joined the University of Calcutta as 
a Lecturer in Physics in 1921. In 1923, he was 
awarded the Prcmchaiid Koychand Scholarship and 
also the Palit Scholarship for scientific research 
abroad. While in Kurope he worked in the labora- 
tories of Prof. Manne Siegbahn at Upsala in Sweden 
and of Prof. Niels Bohr in Coixjnhagen. Prof. Kay’s 
investigations in these laboratories were of great 
importance and contributed significantly to a revision 
of a theory regarding the origin of X-ray spectra. 
It was previously held that X-ray absorption 
spectra were due to atoms alone and were not 
changed by chemical combination. By means of a 
special tyjje of si)ectrograph, how'ever, made at Prof. 
Siegbahn’s Laboratory, Dr Ray was able to establish 
definitely that the spectra arc actually modified by 
chemical combination. After his return to India in 
1926, he devoted himself entirely to the investigation 
of how X-rays were modified when emitted by the 
atom. By passing monochromatic X-rays through 
carbon, nitrogen and oxygen he discovered in 1930 
new lines emitted by the.se atoms on the longer 
\vavelength side of the primary radiation. These 
lines were diffuse and broad and had more or Iqss 
sharp edges on the short wave length side of the 
spectrum and appear to be something like Kainan- 
lines in X-ray region. Though his results have not 
been generally confirmed it is still believed by some 
of the leading theoretical physicists that future 
experiments performed under suitable conditions, 
particularly at small angles, should confirm the 
findings. 

Dr Kay went to Europe a second time in 1934 
witli a Ghosh Travelling Fellowship of the Calcutta 
University and toured extensively on the Continent, 
visiting all the leading centres of scientific research. 
The University of Calcutta offered him the Khaira 
Chair in Physics in 1935, when he returned to India, 


in recognition of his scientific achievements. Dr Kay 
now applied all his time and energy to the organiza- 
tion and equipment of the X-ray research labora- 
tory and also to the training up of a band of 
young research scholars who would be able to carry 
on investigations in a truly scientific spirit. It was 
in his own laboratory in the Science College, 
Calcutta, that he had the first heart-attack as a result 
of over work. He initiated researches in several 
new fields of X-ray, and before his untimely death 
he w^as engaged in important investigations on the 
emission and absorption spectra of elements in the 
soft X-ray region, which are expected to throw much 
light on the distribution of electrons in the solid 
state. lie had also been conducting researches on 
the luminescence of solids under X-ray and similar 
irradiations with a view to elucidating the problem 
of extra energy levels in solid. Recently from the 
study of the fine structure of X-ray absorption edges, 
he attained interesting results on the nature of ions 
in solution. 

Professor Ray was a fellow of the National 
Institute of Sciences and was associated with 
several learned societies of India. He presided 
over the Physics Section of the aqlh Session of the 
Indian vScience Congrc.ss held at Baroda in 1942. 
His presidential address was a masterly review' of 
the work done by himself and his team and was 
highly appreciated. 

Professor Ray w’as the first editor of Sciknck 
AND CuLTUKE wdicn it made its api)earance in June, 
1935- Jointly with Professor M. N. Saha, he was 
also the founder Honorary Secretary of the Indian 
Science News Association. Although he failed later 
to continue his active association w'ith the manage- 
ment of the journal owing to indifferent health, he 
always took keen interest in the affairs of the 
journal. 

Professor Ray had great reputation as a teacher. 
Always clad in dhoti and punjahi, Dr Ray was one 
of the most unassuming men in the University 
College of Science. He avoided publicity in all its 
forms and his numerous charities were not known 
even to his best friends. Prof. Ray had a charming 
[personality, and the wit and sense of humour which 
he possessed did not leave him even at the last 
moment of his life. He was religious in tempera- 
ment and was connected with the Ramkrishna 
Mission for the last 30 years. He has left behind 
him his wife, an only daughter, a brother and a 
sister and numerous pupils, friends and admirers 
to mourn his loss. 

R. a M, 
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PROF. B. B. RAY MEMORIAL FUND 

At a nicetiuK of condolence, held at the University College of Science and Technology, Calcutta, and 
attended by the colleagues, numerous friends and pupils of late Prof. Ray, it was decided to raise fiinds 
for perpetuating the memory of the departed Professor in a suitable manner. A representative Committee 
was constituted, to start collections for the Memorial fund. On half of the Committee we beg to approach 
the friends, well-wishers and pupils of late Prof. Ray as well as those who generously support every endea- 
vour for the growth of scientific research and study in this country for their contribution to the Memorial 
I'liiid and request them to send their suggestions tc- us so that the task of the Committee may be fulfilled 
ill the best manner. All contributions arc to be .sent to Mr S. K. Acharyya, Treasurer, Prof. II. R. Ray 
Memorial Committee, University College of Science and Technology, t)2, Upper Circular Road, Calcutta. 

M. N. Saha, S. (lum, 

Chairfnan\ Secretary. 


flotea anb flews 


POST-WAR INDUSTRIALIZATION OF INDIA 

Post-war industrialization of India formed the 
subject of an address delivered by Mr Sankalchand 
(.1. Shah, Vice-President of the All-India Manu- 
facturers* Organization, Bombay, at the Second 
Quarterly Meeting of the Central Committee, held on 
July 23, 1944. Mr Shah welcomed the creation of the 
new Department of Planning and Development by 
the Government of India and referred to the appoint- 
ment of Sir Ardeshir R. Dalai to be in-charge of the 
new Department as a .step in the right direction. 
He expressed the view that Sir Ardeshir *s intiiiialc 
knowledge of the state of affairs in the country, his 
contact with the commercial and industrial comniit- 
iiity and his association with the authorship of the 
Bombay Plan will enable him to pursue the plan for 
industrialization of India with vigour and cnthu.siasin. 

Speaking of India’s sterling balances, he referred 
lo the bitter sense of friustration India experienced at 
the decision of the recent International MonetJiry 
Conference to exclude the c|nc.stion of abnormal war 
l)alances from the scope of the Fund. ‘The amounts 
rciiresented by these balances amassed out of the 
privations and hardships . suffered by the people of 
India*, he said, ‘are very badly required for purposes 
of its reconstruction and of industrial development, 
and it is particularly from that point of view that I 
feel that the decision of the conference to evade this 
issue amounts to putting a damper on our efforts at 
planning and development. We require this money 
^or enabling us to purchase the necessary capital 
equipment and machinery, more particularly in the 
l)o.st-war period.* 


Mr Shah strongly criticized the Government’s 
present policy, in the name of anti-inflationary 
measures, of importing large supplies of consumer’s 
goods irrespective of the detrimental effect of such 
a step on the indigenous industries producing similar 
goods. The import jmlicy has already placed some of 
the existing industries into difficulties. Although the 
(fovernnient have sought to justify their policy in 
the light of the urgent necessity of relieving the 
.>5carcity of consumers’ gorxls in the country, the 
Indian public is at a loss lo understand how it is 
easier for Ooveriiinent to arrange to secure the iiri- 
l>ortation of finished bicycles in preference to 
importation of some i)arts and machinery re(|uired by 
the cycle manufacturing industry here to increase its 
production. l'iirthenTK)rc, the present 4 hi port policy 
is utterly inconsistent with the assurances given from 
time to time since the outbreak of the present hostili- 
ties by such official spokesmen as Sir Ramaswami 
Mitdaltar with regard to the protection of Indian 
industries started or developed during the war in the 
l>ost-war i)eriod. Mr Shah referred to the assurance 
Sir Ramaswami gave in course of his .statement in the 
Central Legislature on March 12, 1044, when he 
said, . in case we (Government) in any form 

encouraged the development of industries for our 
war names, we shall make it clear that at the end of 
the war those enterpreneurs who had come to the 
assistance of the State and had developed industries 
would not be left high and dry and to take care of 
themselves.” The import policy has engendered 
widespread su.spicion whether the Government would 
really stand by Indian industries in the diffiailt times 
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likely to face them after the war. He emphasized 
the need at tliis stage for a clear declaration by the 
Govcriiinciit in regard to the fiscal policy which they 
I»ropose to adopt in the ix)st-war period. 

Mr Shah expressed his firm belief in the indus- 
trialization of the country as the only pos.siblc remedy 
for the ])rcsent deplorable state of affairs and finally 
referred to the following proposals put forward by the 
A.I.M.O. for the current year. 

(1) The establishment and development of really large 
.scale industries for the manufacture of heavy 
machinery including railway and defence equip- 
ment and their ancillary industries. They should 
form the most iin]>ortnnl item of mir immediate 
industrial progrutiinie. 

(2) The concentration on creating public attention on 
adequate naval defence of the country which 
when sufiicicnllv developed should provide for the 
establishment <»f the two heavy ituliistries of .sea- 

^ trnusport and ship coiistmclioii. 

(.)) The establisliinent lijMm a ]iernianenl f<M)tiiig of 
sucli industries as the country has been fortunate 
in having ins a re.sult of the war conditions. 

(4) Tlie cstablishinent of a finst grade iit.stitiitc of 
higher technology ff»r training technical and exe- 
cutive nerstmnc.l and for carrying on research in 
the tecnniqne <if modern metluHls of produclton. 

(5) Provision of technical and scientific advise on all 
problems connected with the establisliineiil and 
maintenance of indtt.stries by firms or panels of 
teclinical experts and advisers. 

(6) Publication of an industrial journal giving the 
latest information on all teclinical and economic 
problems relating to industries. 

(7) The propagation of correct and nationally bene- 
ficial ideas on tariff and other policies of Govern- 
ment which will have to be followed in the i>ost- 
w'ar period in the interests of our industries. 

(8) An intensified and countrywide drive by means of 
propaganda, lectures by eminent scientists, econo- 
mists and industrialists and the establishment of 
personal contacts between all who are connected, 
with industries through tours and conferences. 

A. 1. M. O. AND INDIAN INDUSTRIES 

Thk vSeirctary of the All-India Matuifacturers’ 
Organization, Bombay, draw.s our attention to a 
resolution passed at the recent meeting of the Central 
Committee of the A.I.M.O., advocating protective 
Government measures for essential industries, parti- 
cularly those started during the war. In pursuance 
of this resolution the w’orking committee now invites 
intcre.stcd industrialists to get immediately in touch 
with the Secretary (address: Industrial Assurance 
Building, 0 pp. Churchgatc Station, Bombay) to 
enable the Organization to urge upon the Govern- 
ment, where necessary, to adopt one or more of the 
safe-guarding methods which include among others, 
(a) protective tariffs, (6) bounties and or subsidies, 
(c) guarantee of intere.st on inve.sted capital, (d) faci- 
lities for im])ortation of essential raw and .semi- 
manufactured materials, (c) provision by means of 
priorities of suitable equipment and technical assis- 
tance. 


It is hoped that the parties interested will assist 
the Organization in its work by immediately forward- 
ing complete statements including, (i) the date of 
the establishment of the factory, {2) the amount of 
capital invested, (3) the output and the value of 
products, (4) the nature of the difficulties experienced 
in detail, (5) the name of protection desired in 
detail. 

The uiidcmotcd types of industries are specially 
required to supply the particulars sought for : 
(i) industries started or developed with further 
capital investments at the instance of the Govern- 
ment, (2) iiidu.stries which arc in the nature of key 
or defence industries, (3) industries which can lie 
developed into or as adjuncts of heavy indujjtries, 
(4) industries in respect of which it is essential for 
the country to be independent of foreign supplies in 
times of w*ar, (5) indu.stries providing articles serving 
as ancillaries for other industries, (6) indastrios 
utilizing wa.ste jirodncts of other industries, (7) indus- 
tries catering for educational and cultural develop- 
ments of the country, and (8) industries mamifacturing 
.such consumers' goods as arc recpiired to raise or 
maintain at least the minimum standard of life of the 
I)eople. 

POST-WAR TRAINING OF FOREIGN ENGINEERS IN 
THE UNITED STATES 

Wk learn from a report in Science that thu 
General Engineering Staff of the Foreign Economic 
Administration in the United States has recently 
adopted a plan for the iK)st-war training of foreign 
engineers in the American engineering colleges. The 
plan has made provision for about 3000 to 4000 foreign 
students from Europe and Asia at an estimated cx' 
pense of about $3,600 per student. The period of 
study has been stated to be eighteen months, 'i'ho 
foreign governments concerned, with the advice of 
the educational leaders of the United States, will 
select the students and will be required to provitle 
most of the money for their expenses. The Federal 
Government, however, proposes to contribute an un- 
specified percentage. All students will receive practi- 
cal w’^rking experience in industry for a third of 
the course and, while at college, will be under the 
direct sui>ervision of the college authorities. 

We further learn that courses have been deve- 
loped or are under preparation at the Carnegie 
Institute of Technology, the Massachusetts Institute 
of Technology, The Colorado School of Mines, the 
Illinois Institute of Technology, North Western 
University, Pennsylvania State College, the Phila- 
delphia Textile Institute, Purdue University, the 
University of Detroit, the University of Illinois, the 
Uniyersity of North Carolina, the University of 
Michigan, the University of Utah, the University of 
Wisconsin aod Union College. 
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The plan further i>roposes to train up some 5000 
to 10,000 American technical graduates for foreign 
service. For, it is the feeling in America that the 
rebuilding of the industrial systems in the devastated 
areas of Europe and Asia in the post-war period will 
necessitate the direct assistance of American 
engineers. 

The American move to oi)en their universities 
and centres of technical education to train up foreign 
students for the most difficult rehabilitation work in 
the post-war period is highly commendable and will 
doubtless inspire fresh hopes in the war-weary 
countries outside U. S. A. But we fail to undervStand 
on what basis the plan has sought to train only 4000 
foreign graduates when it has admilled that as 
many as 10,000 American engineers may be rcquircil 
for foreign service. Needless to point out that any 
country outside U. 8. A., which will be left with 
some prestige and national i)ride, will prefer to build 
her demolished industrial systems through the 
efforts of her own engineers and scientific men and 
will not be prepared to receive American engineers 
with much enthusiasm. We wish if the U. S. A. 
could give up ideas of thrusting her own engineers 
for such philanthropic work and concentrate on the 
more modest programme of giving training to more 
foreign graduates to rebuild the unhappy lands of 
their birth. 

COLONIAL RESEARCH FELLOWSHIPS 

The rciiort has filtered through the Department 
f>f Education, Health and Lands that the Secretary 
of State for the Colonies has instituted a number of 
Colonial Research Fellowships to encourage research 
on problems of colonial interest. The creation of the 
Fellowships, it is reported, jiarticularly aims at pro- 
ducing a cadre of scientists with special knowiedge 
of environmental and social issues of the colonies and 
encouraging research on fundamental problems in 
tropical regions. These h'ellowships are open to 
graduates under 35 years of age from any part of the 
British Commonwealth and Empire and will carry 
an allowance of .^400 to £boo per year. These will 
normally be for two years but may be extended for 
a year and will be tenable in any jiarl of the British 
Colonial Empire. Provision for 25 Fellowships has 
Feen made within the next five years. The award 
will be made by the Secretary of State for the colonies 
on the advice of the Colonial Research Committee. 

IRRIGATION RESEARCH AT POONA 

The Annual Repdtt (Technical) of the Central 
Irrigation and Hydrodynamic Research Station, 
Poona (now renamed as Indian Waterways Experi- 
ment Station), for the year 1941-42, issued recently, 
contains important conclusions and notes on river 
and canal problems, such as protection of bridge 
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piers against scour, control of sand entering the Right 
Bank Canals at Sukkur, high eflicicncy siphon si)ill- 
way to control water levels in reservoirs and diver- 
gence from regime in stable channels in alluvium. 
Exi>eriments were conducted at the Station to con- 
trol sand entering the Right Bank Canals, and as 
a result an approach channel was constructed up- 
stream of the Barrage at Sukkur. The channel came 
into full oi)oration in ig^^i flood season and has 
snccecdeil in reducing considerably tlie deposit of 
sand in the North- W’estern Canal and the Rice Canal. 

The problem of the protection of bridge piers 
against scours received investigation at the Station. 
It has been clearly demonstrated that the level at 
which the stone pitching is laid round bridge piers 
has a great bearing on the scour of the river bed 
downstream of the piers. A high level latching 
which results in a great depth of the scour has often 
l)een found to be the cause of large slips of .stones 
from the downstream cmls of piers. The remedy 
lies, it is suggested, in the low level pitching which 
will reduce the dci)th of the scour and largely 
eliminate the danger of such slips of stones. 

The Station also studied, among other things, the 
problem of erosion occiuring at several points along 
the fore shore of the Hooghly above Calcutta aud 
suggested either the filling of the ‘scour hole* or the 
cutting away of the ‘kunckle’ as a possible remedy. 
The Director’s observation of the westerly movement 
of the Kosi River at an average rate of more than a 
mile per year for 50 years during his deputation to 
Nepal is am)thcr interc.sting feature of the report. 

WORK AT THE TATA CHEMICALS 

An account of the progress of work made at the 
Tala Chemicals has been reported in a recent issue 
of the Journal of Scientific and Industrial Research. 
The Tata Cl?enucals, started in 1939 at Milhapur in 
Okhamandal, a district in the Baroda State, with an 
authori/cd capital of Rs. 5 crores, represents a pio- 
neering industrial venture characteristic of the Tatas. 
The plan for the establishment of this new chemical 
industry, now claimed as the l)iggest in India, was 
drawn up by Mr Kapilram H. Vakil, tlie present 
Technical Director of the Tata Chcniieals, early in 
1937. In the same year, the scheme was carefully 
scrutinized by a committee of experts at London, 
under the Chairmanship of Mr J. A. Reavcll, the 
distinguished British chemical engineer, and was 
found to be satisfactory and workable. 

The outbreak of the war within a few months 
of the commencement of work at Mithapur seriously 
interfered with the execution of the project, and the 
progress was slow and halting. Despite such war- 
time odds and difficulties the project has been carried 
to a successful issue, and the company has started 
manufacturing several important chemicals which in- 



116 


SCIENCE AND CULTURE 


Vol. X, No. 3 


dude, among other thiugs, alkalies, heavy chemi- 
cals and marine products. Soda ash is manufactured 
according to the aininoiiia soda process, and the plant 
installed for the purpose incorporates the latest prac- 
tices in soda-ash manufacture. Soda-ash being the 
must ifiiportant starting material for the manufac- 
ture of drugs and dyestuffs and of caustic soda and 
scKlium })icarbonate required in the glass, soap and 
paper industries, its successful protluction at Mitha- 
pur lias gone a long way in meeting the need of an 
iin])ortant basic chemical in India. Further, plants 
have been completed for the production of caustic 
soda by the electrolysis of brine, and gaseous by- 
products arc already being utilized for the manu- 
facture of bleaching ])owder, liquid chlorine and 
hydrochloric acid. Other chemicals now Injing manu- 
factured include zinc chloride, bromides, epsom salts, 
j)ota.ssiuni chloride and magnesium chloride. In fact, 
the Tata Chemicals are now iiiauufacturing all the 
basic chemicals essential for the production of dye- 
stuffs, fertilizers, glass, drugs and pharmaceuticals. 

The chemical works at Mithapur are fast under- 
going expansion and have already come to occupy 
an area of about 6o acres. Some 1500 workers and 
about 500 skilled personnel including 200 highly 
(lualiiied and trained chemists and engineers com- 
prise the staff of the Tata Chemicals. The whole 
works have been planned, designed and equipped 
according to latest developments and have been pro- 
videtl with a well-equipped research laboratory. 
Moreover, the choice of site for the new chemical 
industry has been a suitable one from the geological 
point of view inasmuch as large deposits of high 
quality limestone in the Okhamaiidal area and the 
salt garden at Mithapur provide an abundant supply 
of important raw materials needed for the industry. 


WELDON PRIZE TO PROF. P. C. MAHALANOBIS 

Wk are glad and proud to learn that the Univer- 
sity of Oxford has awarded the Weldon Prize to 
Prof. P. C. Mahalanobis of the Calcutta Statistical 
I.,alx)ratory, the first Indian to be ever chosen for 
such singular honour and distinction. The award 
has been made in recognition of his significant 
contributions to biometric science during the 1 ac- 
ceding six years. 

The Weldon Prize to be awarded every three 
years was instituted in 1907 in memory of W. F. R. 
Weldon, professor of biology of the Oxford Univer- 
sity. Prof. Weldon teas one of the great pioneers of 
the new science of biometry and founded, jointly 
w’ith Karl Pearson, another great inoneer, the famous 
journal Biometrika in 1941. The recipients of the 
iVi/e which is international in character include such 
distinguished men as Professors J. B. S. Haldane, 
F.R.vS., R. A. Fisher, F.R.vS., M. Greenwood, F.R.vS., 
and K. S. Pearson, all of England, Prof. Johannes 
Schmidt of Denmark and Prof. J. A. Harris of the 
I'nitcKl States. Prof. J. B. S. Haldane was the last 
recipient in and tlfe Prize was kept in abeyance 
in 1941. 

ANNOUNCEMENT 

Short notes on industrial topics, both techni- 
cal and of news value, are invited on payment basis 
for publication in the “Technical Research Note”, 
“Notes and News” sections of the Industrial and 
News Edition of the Journal of the Indian Chemical 
Society. For each note approved for publication 
Rs. 2/- will be iiaid*. None of the notes, approved 
or unapproved, will be returned unless accompanied 
with requisite postage stamps. Further information 
can lx? had from the Honorary Secretary, Indian 
Chemical »Society, Po.st Box 10857, Calcutta. 


SCIENCE IN INDUSTRY 


A NEW ORGANIC INSECTICIDE 

A Nitw organic insecticide identified as dichloro- 
dipenyl-trichloroethane and abbreviated into ‘D.D.T.’ 
has recently formed the subject of much discussion 
in the. lay press as well as in scientific papers. 
According to a recent Reuter news, D.D.T. is re- 
ported to be effective against typhus, malaria, dysen- 
tery, enteric, cholera and plague and against insects 
both as contact and as stomach poison. It works by 
striking at the carrier of the disease and can kill body 
lice, mosquitoes and flies which are responsible for 
the spread of dysentery, enteric fever, cholera and 
the plague. Further, bugs, pleas, cockroaches, 


beetles, cabbage wwms and aphides fall easy victim 
to D.D.T. It is, however, non-toxic to man and 
other warm-blooded animals and also does not a[)pcar 
to hurt plants. 

The new insecticide is the result of an intensive 
search for a suitable synthetic organic compound 
for the control of pests and insects and such other 
carriers of diseases. . Although a number of organic 
compounds having insecticidal proi>erties were syn- 
thesized, few proved acceptable owing to their toxic 
effects on man, animals and plants. Their high cost 
was also no less an important factor. But despite 
such discouraging facts, the hope of a suitable organic 




SCIENCE IN INDUSTRY 


117 


September, 1944 

insecticide uoii-toxic ti> man, plants and animals 
was never given up. 

Although 4 he full story of the development of 
D.D.T. is lacking for obvious reasons, the new in- 
secticide, according to a recent issue of Scientific 
Monthly, is reported to have been first used success- 
fully in Switzerland whence the results were later 
communicated to the U. S. Department of Agricul- 
ture. The chemists of the Bureau of Entomology 
and Plant Quarantine soon analyzed the compound 
and described it as dichloro-diphenyl-trichlorocthane. 
The compound is made from chlorobenzene and 
chloral hydrate and is crystalline in nature. The 
elaborate tests carried out at the testing laboratories 
of the Bureau of the Crop Protection Institute have 
corrolx)rated all the insecticidal properties now 
claimed for D.D.T. The insecticide has been so far 
adopted by Army on an extensive scale. 

THE CHEMICAL TREATMENT OF WOOD 

A METHOD of liardening soft wood through 
chemical treatment has been reported in Science, 
Developed in the laboratories of h'. I. du Pont dc 
Nemours, the chemical process is claimed to make 
timber markedly harder, stronger, stiffer and more 
durable. The process has successfully eliminated the 
natural tendency of wood to swell,, shrink or warp 
with changes in humidity. The hardness of the wood 
so treated remains iinaifected by sucli varying cli- 
mates as characterize the troi)ical jungles and the 
desert regions. Such woods have further been given 
a permanent colour throughout the material. 

The chemical treatment consists in the use of 
the organic compound niethylolurea obtained by com- 
pounding urea with dimethyloluvea. Both urea and 
dimethylolurea are white, water-soluble solids, pre- 
pared from ammonia, carbon dioxide and methanol 
and available comtnercially at a reasonably low price. 
iMethyl urea is impregnated into tlie wood to be treat- 
ed in the form of a solution when the comiKJund 
reacts with the wood components to form hard, water- 
insoluble, unmeltable resins within the piece of 
tituber. The formation of resin inside imparls the 
characteristic hardness to the wood specimen. It is 
stated that the process may be si>eeded up through 
the application of heat, such as kiln drying. 

The process may further be applied to harden 
the outside layers of a piece of lumber sparing the 
interior, lumbers so treated have decided advantages 
in certain types of construction, such as trestles, 
l^ridges and towers. 

RECENT PRACTICES IN BEET SUGAR CHEMISTRY 

Dr T. Twomhy, of the Irish Sugar Company, 
during his lecture delivered recently to the Irish 
Chemical Association, has made an important review 
of some of the recent practices in beet sugar chemis- 


try. He has discussed briefly the various stages of 
the chemical operation, involved in the extraction of 
.sugar from raw* beet juice. Such stages include 
lime treatment of juice, carbonatation, removal of 
incrustation, purification, boiling and by-products. 
The following summary account is based on a fuller 
rei)ort appearing in The Chemical Age, April 15, 

1944.^ 

The precipitation of non-sugars from raw beet 
juice is now most effectively carried out by lime 
milk through two stages in preference to one single 
o])eration as it used to be followed until recently. 
The stages are pre-defection and main liming. Pre- 
defection may again be conducted in two ways. 
According to the first, raw juice at a teiuireratiire 
of 4o°C is treated with small doses of lime, gradually 
increasing the alkalinity to a maximum of 0*3 per 
cent. During the addition of lime, punctuated by 
a series of pauses, a pH equivalent to the i.so- 
electric point of every colloid i)rcseut is reached and 
all colloids are coagulated. The juice is then heated 
and made ready for the main liming. The second 
method consists in adding enough lime in pre- 
defection stage to make the juice attain a pH value 
of TO‘9, and then w’ait for 10 minutes before pro- 
ceeding with the main liming. It is assumed in this 
procedure that beet juice contains only one or tw'o 
predominant colloids which will be completely coa- 
gulated when the stilted pR reached and that the 
tedious operation of passing through all possible iso- 
electric ranges is unnecessary. 

The lime treatment of juice is followed by the 
carbonatation process which seeks to remove the 
excess of lime. This is effected by passing carbon 
dioxide gas in tw'o stages. COj is lirst added till 
the alkalinity is reduced to about pH 10*9, after 
which it is filtered. Gassing is then continued in the 
filtrate till the percentage of CaO falls to 0*015. In 
the second stage of gassification, dissolved calcium 
salts are removed, according to modern view, by their 
interaction with sodium carbonate. This reaction is 
made possible by the normal i)reseiice of sodium in 
beet sugar juices. The removal of calcium salts is 
an important stage as they lead to heavy incrustation 
on the heating ]upes. It should be, liowever, noted 
that incrustation cannot be altogether prevented 
de.spite every ])recaution. The scale con.sists, for the 
mo.st part, of calcium carbonate, srilphitc, ]>hospatc, 
silicate and oxalate and may be removed by boiling 
it first with dilute hydrochloric acid and then with 8 
per cent, caustic soda .solution. The descaling of 
pi]>es is sometimes effected through the use of suit- 
table scrapers. Hut a more suitable chemical method 
of removing the scale remains yet to be developed. 

The recent introduction of new synthetic ion- 
exchange adsorbents to purify sugar liquors has 
greatly increased the final sugar yield with its conse- 
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(lucnt reduction in the (juantity of molasses formed. 
The conventional lime treatment usually increases the 
percentajfc of sugar in the liciuor to 9.V94f whereas 
the ion-exchange method ensures a purity of 99 per 
cent. The prricess consists in allowing the juice 
having a purity of 90 per cent, to pass in succession 
through beds of cation and anion exchangers. The 
method further promises to reduce the fuel and 
criuipmeiit costs and simplify the several stages of 
operation now in use. 

TUc boiling of the sugar solution represents 
another important stage in the extraction sugar 
from beet juice. The success in this- stage depends 
largely upon the efTcctive control of the boiling. 
Kornierly the degree of supersaturation attained 
during boiling used to be determined by the measure- 
ment of viscosity or conductivity of the solution. 
Hut as such measurements are made at a particular 
spot within the pan the re.snlts are not repre.sentative 
of the mass as a whole. According to the most 
recent development, the control of boiling is effected 
through the study of the boiling points of the sugar 


solution. The method arose from the discovery that 
at all pressures encountered in the usual sugar boil- 
ing practice the grapli of the boiling t^oints of sugar 
solutions of any degree of supersaturation against 
the corresponding boiling |X)ints of water at the same 
absolute pressure was a straight line. A formula has 
been developed from this and an instrument con- 
structed, which records the degree of supersatura- 
tion continuou.sly. 

IMie molasses left as a waste product in the beet 
sugar industry has recently been utilized for the 
manufacture of a series of important by-products. 
Yeast and ethyl alcohol were already produced from 
molasses. An American bio-chemist has lately ex- 
pressed his view that this waste product may form 
the starting material x)f a series of products, such as 
glycerine, acetone and acetic, lactic and citric adds. 
It is reported that a motor fuel called Jeanite has 
Ix^en recently obtained by the polymerization of 
ethyl and butyl alcohols, both derived from molasses. 
The new synthetic motor fuel has further been 
claimed to be almost as good as petrol. 


PRODUCTION OF RAMIE FIBRE IN INDIA 

A. N. GULATI 

TKCHNOI.O(;iCAI, LABORATORY, MATUNf'.A, BOMBAY 


XJAMIK like cotton is an ancient heritage of India. 

^ The use of best fibres from the nettle family of 
plants in India, China, Central Europe, and America 
is a noteorthy coincideiioc in the history of ramie 
fibre. Whereas the cultivation of ramie is limited 
now to a handful of cultivators in India, its methods 
of cultivation and i)roductioii are still primitive in 
China, and Euroi)c has abandoned it as a co.stly fibre. 
There is, however, a definite urge for increasing its 
]>roductioii in America and Japan in present times. 

The American farmers have obtained very high 
yields of ramie fibre from the cultivated crop, their 
industry has perfected a mechanical decorticating 
device, has develoiied a suitable degumming process 
for the preparation of the fibre, and has also found 
it adaptable to the standard spinning machinery. 
They are thus, able to conii)ete witli the cheap pro- 
duction of the fibre in China. They claim the fibre 
not only to ho an addition to the textile resources 
during the war but also consider it an acquisition 
for all times. 

The ramie plant is indigenous to India. Should 
not India therefore, tap this source for supplement- 
ing the country's need for a long staple vegetable 
fibre or the textile resources of the Allied Nations 
during the war? In view of the enormous length of 
the ultimate cells of this bast fibre, its whiteness, 
lustre, strength and durability of the fabrics made 
from it, the revival of its cultivation in India de- 


serves backing from Government, the financiers, and 
the industrialists. It may be mentioned that apart 
from its textile use, the ramie fibre on account of 
its high cellulose content which is almost as much 
as that of cotton, is highly suitable for paper and 
cellulose acetate manufacture. It is suggested that 
the Government of India may oiler some handsome 
prize again just as she did in 1S69 for a machine to 
decorticate ramie, for the development of a process 
to degum the fibre. Indian scientists have hardly any 
paying objectives for rr‘scarch. 

It is pointed out that the cultivation of this fibre 
in India lias no unsurmountable difficulties. While 
the farmers at least in Bengal and Assam know how 
to grow the crop, the country needs a long and 
strong ve»’^etable fibre capable of producing durable 
cloth, and its production can materially add to the 
textile re.soiirces of the Allied Nations. The only 
thing wanting is encouragement and a ready market 
for the product. Under the present circumstances, 
Indian raw produce can supplement America’s yield 
for war purposes. 

The crop needs alluvial or light sandy soil, about 
40 inches of rain well distributed throughout the 
year, and is adaptable to cultivation in irrigated land. 
India may he able to spare such land in rain-fed and 
irrigated tracts as well. Furthermore, India grows 
some surplus short staple fibres and therefore, it may 
be worthwhile for her to grow ramie instead, which 
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American industrialists have found to be admirably 
suited for tropical hard wear, notably for uniforms 
of the iightinj? troops. 

For general information we give below a short . 
account of the ramie plant, methods of its cultiva- 
tion, and preparation of the fibre together with its 
properties as summarised from Robinson (1940). 

The Punt 

Ramie fibre is obtained from two species of the 
nettle family of plants, viz,, noehcmcria nrvea and 
Boehemeria ienacissima. They are perennial shrubs 
suited for cultivation in the sub-tropical regions. 
The fibre from the two si^ccics is indistinguishable. 
B, nevea is the more favoured of the two species in 
China, Japan, Philippines, and America. The plant 
is said to need a cool winter for inducing a resting 
period but not freezing cold which is likely to kill 
its roots. It can withstand drought after being well 
established, but needs abundance of moisture for high 
yields. Moisture at the time of harvesting however, 
is an unfavourable condition for storing cut stalks. 

As the plant is grown for its vegetative stalks 
which yield the fibre, its cultivation quickly depletes 
the soil of its nutrients. They have therefore, to 
be replenished from time to time. After decorticat- 
ing the steins it is good to return the waste back to 
the field. The level of nitrogen, phosphorus and 
l)otassium in the soil has to be maintained for success- 
ful ailtivation of the crop. Nightsoil and comix)st arc 
u.seful manures tried in other countries. 

Cui/ruRE 

The ramie plant is best propagated by pieces of 
roots. Each piece has to be about six inches long 
and is planted in a slanting or upright position with 
the upper end one or two inches below the surface. 
They are set in rows three to six feet apart and 
sj)aced 18 to 24 inches in each row. The shoots grow 
up in one to two weeks. The root-stock breeds true 
to the nature of the fibre, and yields one or more 
cuttings in favourable circumstances even in the first 
year. Best results arc obtained by keeping the weeds 
out and breakng the soil now and then for soil 
aeration. Crops from seed arc difficult to raise, and 
less homogenous in fibre character. Harvesting is 
begun when the flowers make their appearance. A 
timely cutting may make it possible to have three to 
four cuttings in a year. A new' growth of about 30 
inches may follow^ a cutting within tw’o weeks under 
suitable conditions. The productive period is for 
ten years. Maintenance of original fertility and the 
care taken can prolong the productive period and 
also increa.se the jdcld appreciably. On an average 
this crop yields 400 to 700 lbs. of i>repared fibre i>cr 
acre annually. The upper limit of the yield may 


reach 1500 lbs. The major iiart <if the total ^vo^ld 
production of ramie aiines from China and is about 
100,000 long tons. 

It may be mentioned that the gross yield iier 
acre of the stalk in the V. S. A. varies from i to 
45 tons. The American analysis of the gro.ss yield 
is given below. 


Stalks and leaves 100% 

Stripped stalk S2% 

Air dry .stalk 10-4';j 

Decorticated fd^rc 2-1*}! 

Deguiiinied filasse l-2<;: 


Preparation ok the Fibre 

The harvested sUdks are soaked in w'ater for 
sometimes before the fibre is stripped off. At this 
stage the fibre consists of a brownish outer bark, 
adhering cortical tissue and much gum. This process 
known as decortication is carried out by hand in 
China, while it is done by machine in America and 
Philippines now. The manmd labourers use bone 
or bamboo implements for .scraping the fibre from the 
stalks. The gummy brownish fibre is then de- 
gtimmed by the action of anaerobic bacteria or by the 
action of some chemicals the formulae of which are 
protected by patents. After the fibre is degummed, 
it is perfectly white and more or le.ss divided into 
ultimate cells which are flexible enough for being 
spun. The fibre loses about one-third its weight 
in the process of degumming. 

Properties ok Fibre 

Ramie is stronger than any other bast fibre, 
cotton or silk. Cotton and silk excel it in being 
twistable more easily. Ultimate fibres range from 
% to 20 inches with a diameter of 0*002 to 0*003 
inches. The average length is from six to eight 
inches. Flax is finer than ramie, but ramie has a 
smoother surface and is more lustrous. It does not 
throw’ off linters and is therefore,, highly recommend- 
ed for surgeons overalls, and surgical bandages. It 
absorbs w’ater more quickly than flax. Chinese u.se 
it in the manufacture of various fabrics which com- 
jiete well with European linen. It is used in the 
manufacture of table-clothes, napkins, plushes, iip- 
holstry cloth, curtains, dress goods, knit good.s, and 
notably for gas mantles. With the help of the cheap 
labour available in India, the cost of the fabrics made 
from this fibre is not likely to he more than that of 
cotton. 
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HEAT IN CONTROLLING SEED-BORNE DISEASES OF PLANTS 

J. C. SAHA. 

BOTANY DKrARXMKNT. PRSSIDKNCY COlllU'.K. CALCUTTA* 


IT^HE application of heat or leiiiiHjrature in the art 

of controlling plant diseases is a new practice 
dating back from the early 'eighties of the last cen- 
tury*. Prior to this efforts at controlling and curing 
divseascs in plant were directed along such sanitary 
and hygienic operations as rogucing of diseased 
plants, eradication of alternate host-jdants near about 
the fields, rotation of crops, regulation of drainage, 
application of lime or fertilizers to tlie soil, pro- 
pagation of disease-free stocks, seeds and setts or 
along such direct control measures as seed dressings 
and spraying (or dusting) of fields and idantations 
with appropriate fungicides known at the time. 

But the discovery of the therapeutic value of 
heat in the science of plant i)athology and its suc- 
cessful application thereto was made by the Danish 
school-master and agriculturist, Jens Ludwig Jensen. 
Working with the 'late blight* disease (Phyiophthora 
infesians) of potato Jenson (1882) found that none of 
the control measures known at the time was effective 
enough to check the rot caused by the disease. But 
he achieved at the same lime a momentous success 
to be able to discover that the fungus of the ‘late 
blight* disease lives in a dormant way within the 
body of the tuber itself and that the disease mani- 
fests itself in the progenies when such tubers are 
next used for sov^-ing or sets in rots when kept in 
storage for future consumption. This finding of the 
occurrence of the ‘germ’ of the disease deep within 
the tissues of the tuber had far-reaching consequences 
on the next course of his investigation. It dictated 
to him that surface sterilization of ixjtato tubers with 
dusts or fungicides wf)uld be of no avail as the 
fungicide could not get in to affect the ‘germ’ living 
inside. And this set him to think how the internal 
dormant ‘germ’ (i.r., fungus) of the disease could 
be killed without imi)airing the vitality of the tuber. 

Happily, it was known to him that (i) all 
organisms could l)c killed by heat and (2) this lethal 
temperature (i.c., the temperature that kills an 
organism) varied according to the organism that was 
sought to be killed. So, acting on this principle he 
first determined the lethal or death i)oint teiniierature 
for the ‘late blight* fungus as avcII as that of the 
seed potato tubers and found that a temperature of 
40^ C would kill the fungus within the jjotato tubers 
while a higher degree of temperature was necessary 
to cause the loss of viability of the potato tuber. 
here Jensen got a thing which could penetrate in 
and destroy the fungal germ without killing the 
tuber itself because, as stated earlier, this tempera- 
ture was much lower than that which would cause 


death of the ix>tato tubers. He therefore, treated the 
seed i)otalc3es in water at 40^ C for 4 hours ; this 
completely killed the internal fungal germ without 
impairing the germinating capacity of the tubers. 
But, since continued soaking for such a period in 
hot water softened the tissues and made them sus- 
ceptible to subsc({uent rolling he applied dry heat 
instead by suspending a water-tight cylinder con- 
taining the potatoes to be cured, in hot water raised 
to 42-56^ C till the temperature inside the cylinder 
recorded 40® C for 4 hours. vSeed tubers sown after 
this dry heat treatment gave rise to healthy offsprings 
hut the latter’s immunity was not assured as the 
‘late blight* fungus could and easily did spread in 
such a healthy cultivation through secondary infec- 
tious from adjacent disdased plots. So, to avail full 
advantage of this method of blight control it becomes 
init»erative that adjacent plots should contain no 
di.seascd plants and the cultivators in a said locality 
must act co-operatively together. 

Because of the latter condition this riietluxl of 
c*oiribating potato blight was not adopted in any 
measurable scale beyond Denmark, the home of its 
origin. But it was soon thrown into the background 
by the then discovery in France a couple of years 
later of Bordeaux mixture, which proved so effica- 
cious in controlling the potato blight disca.se by 
checking secondary .spread of infection and which, 
ii!ore«>ver, did not call for that type of co-opcratioii 
iini>erative for the succe.ss of the hot-water method. 
But to-day Jenscn*s method holds a .special offer to 
b» taken full advantage of by countries that have 
run short of copper, a cheap and invariable ingredient 
of Bordeaux mixture, due to the impact of war. 

But the method evolved first for i>otato .soon 
found a w^orld-wide application for prevention of 
.seed-borne disea.se.s of cereals, and recently of other 
crops. 

P^rlier to the application of the hot-water 
method all efforts at controlling loose smut of cereals 
proved a failure ; and the reason for this escaped 
detection so long. And this, too, was left to the 
investigation of Jensen to show that the loose smut 
fungus, as in the case of blight di.sea.se fungus of 
potato, was an internal jiarasitc living in a dormant 
way within the body of the grain. So surface sterili- 
zation with any fungicide .so long proved a total 
failure. Jensen, therefore, subjected loo.se smut in- 
fected cereals to hot water at 50-52® C for 10 minutes ; 
the seeds then became completely free from smut 
‘germ*. . . 

In later years the researches of Appel and Richin 
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(igii) have proved the accuracy of Jensen's method. 
They have further shown that the process could 
be hastened by pre-soaking the seeds for a few hours 
in water at ordinary temperature before putting them 
in hot water. 

Jensen's hot-water method, despite the difficulty 
in maintaining accurate temi)erature range when 
treating bulks, is still considered as the only success- 
ful measure against loose smut disease of wheat, 
oats and barley ; and moreover this principle is now' 
being increasingly availed ui>on to disinfect seeds, 
setts, or any other plant parts that arc used for 
vegetative propagation where the disease germ, 
fungus, bacterium or nematode, is carried within the 
body of the ‘seed* and is therefore inaccessible by 
any other .means. 

Indigenous modification of Jensen's hot-water 
method have been devised by various workers to suit 
local conditions. In India Euthra and Sattar (1934) 
employed with ci'iual effectivene.ss solar energy in 
place of hot-watcr. Here the seeds arc first soaked 
in water at ordinary temiieraturc (as suggested by 
Appel and Kiehm) in a bright day from morning to 
noon (i P.Al.) and arc then exposed in thin layers 
to the full action of the sun where in the plains 
of the Punjab the temperature reaches as high as 
i 29®F or more in the summer. Mitra and Taslim 
(1936) could employ with success Lutlira and Sattar’s 
modified method under North Bihar conditions. 
vSimilarly Lamb (1933) is reported to have success- 
fully disinfected cotton seeds attacked with bacterium 
(Bacterium malvacearum) by exposing them in an 
iron dish to the full action of the sun daily for a 
fortnight in the month of June under Nigerian con- 
ditions where the day temperature sores as high as 
60® C. Successful results have also been reported by 
other workers ; Wager (1935) could control brown 
rot of tomato camsed by Phytbphihora parasitica by 
immersing the fruit for • minutes in water at 
60® C, while Ogilvic and Brain (1936) could cure 
rust in mint by subjecting the runners used for 
vegetative propagation for 10 minutes in water main- 
tained at io5-ti5®F. 

The H elminihosporium disease is known to cause 
a serious los.s to rice cultivation. The causative 
H elminihosporium fungus lives on the glumes and 
on the surface and inside the tissues of the fused 
jicricarp and seed-coat (Nisikado and Miyake, 1920). 
Whether on the surface or inside the tissues of the 
fused pericarp and seed-coat the fungus is shut off 
from the outside by the presence of the two tightly 
fitting glumes (Tisdale, 1922). Necessarily externally 
applied seed disinfectants will scarcely be able to get 
in and affect the pathogen. This is the reason which 
^ long baffled all attempts to proper sterilization of 
seeds through externally applied fungicides. The 
seeds are now being treated as under hot-water 


method at 52® C for 8-10 minutes after pre-soaking 
in water at ordinary temperature for S-12 hours. 
This gives ab.solutc control of the primary infections, 
but since the disease spreads in the field through 
secondary infections a foliage spray in addition is 
called for to get absolute control. 

Api^lication To Control Virus Diseases 

Jensen’s hot- water method evolved for curing 
seed-borne diseases of plants has now found an ap- 
idication to kill the active principles of the virus 
di.sease that live within the body of the plant. So 
.setts or cuttings obtained from virus infected plants 
are first cured of the virus germ by subjecting them 
to Jensen’s hot- water method before planting. But 
the results achieved here have not been as uniform. 
While Miss W’ilhrink (1923) claims in have destroyed 
the virus agent in Black Chcribon sugarcane sells by 
Heating them in lu)t water at 52-35® C for 30 minutes, 
Hrandes and Kla])haak (1923), working with (l.C. 701 
variety of sugarcane, came out to say that immersion 
at high temperatures (45-55® L') for shorter period 
01 at low temperatures (42-48® C) for longer period 
(up to 96 hours) could not cure the setts of virus 
germs. Blodgett’s investigations (1923) on leaf-roll 
and mosaic of potato also support Braudes .-ukI 
Klaphaak’s coiilentioiis. But the extensive re- 
searches conducted by Kunkcl (1936) on peach 
yellow viruses suggest that different virus has 
different lethal temperature and this needs to be 
separately studied and determined. 

Application To Control Nkmatodk Pi*;sts 

The hot- water method, so successful against 
seed-borne diseases, is now being increasingly em- 
ployed to control certain of the nematode pests where 
the worm ]>crpctuates, as in the case of fungal and 
virus diseases, from one generation to the next t)y 
being carried within the body of the bulb or other 
vegetatively proi)agated parts. 

Kamsbottom was the first to try in the year 
TO 18 the hot-water method against the nematode pest 
(A nguillulina dipsaci) of narcissus bulb. A 3-hours’ 
treatment in hot water at no® F is now prescribed 
for complete elimination of the worms from within 
thf: body of the bulb without impairing in any way 
the germinating capacity of the latter. 

Since then .ind especially from the early ‘thirties 
of this century this aspect of the nematode pest 
control is being increasingly studied ; and encourag- 
ing results have l>een obtained by English and 
American authors on chrysanthemum, strawberry, 
violet, begonia, etc. 
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MEDICINE AND PUBLIC HEALTH 


ONION PASTE AS A DRESSING 

Acceding to Medical News Letter No. 38, is- 
sued by the United vStates Oflice of War Information, 
promising results with onion paste used as a dressing 
for infected wounds have been reported by Dr I. V. 
Toroptsev and Dr A. O. Filatova, of the Tomsk State 
University and the All-Union Institute of Experi- 
mental Medicine, U.S.S.R. The experiments with 
onion paste followed reports by Dr B. Tokin that the 
essential oils of onion, garlic and certain other 
strong-scented vegetables contaiti substances that kill 
bacteria, protozoa and even larger organisms. These 
.substances, or phytoncides, have not yet been identi- 
fied .chemically, but are extremely volatile, so that 
the paste has to be made immediately before use. 
The preparation consists simply of grinding the 
peeled onions or a portion of it and then placing the 
paste into a glass dish with a diameter equal to that 
of the wound. This is applied so that the paste does 
not come in contact with the wound, which is exposed 
only to the onion vapour for ten minutes. Of ii 
patients treated, seven had amputations of the arm, 
one of the thigh and three of the foot, and all the 
wounds .showed distinct purulent inflatnniation before 
treatment. After the first iihytoncide treatment, the 
doctors report, all the wounds without exception 
became rose-coloured and the patients no longer coni- 
jdained of pain. After the second treatment the 
purulence and odour subsided. After five days all 
the cases showed extensive soft epithelializatiou. 
The vSoviet scienti.sts feel that phytoncides have a 
place in the treatment of infected wounds along with 
synthetic prejiarations such as the sulpha drugs. 

PROPOSED CHANGES IN THE MEDICAL CURRICULUM 

It is becoming increasingly recognized through- 
out the world that prevention of disease and the 
promotion of positive health require more emphasis 
tlian mere provision of measures for curing sickness. 
We understand that the Health Survey and Develop- 
ment Committee has had under consideration the 
question of revising the medical curriculum so as to 
shed much of the unnecessary burden that is placed 
on the medical .student and of improving the content 
of the subjects taught and the method of teaching, 
particularly for the purpose of giving a preventive 
bias to the outlook of the student. The proposed 


changes in the curriculum will, it is hoped, enable 
the doctor of the future to oiler to the i>cople of India 
both curative and preventive health service in an 
effective manner. 

Other .subjects considered by the Committee 
(which, with its sub-committees, held meetings 
between July i and 15) included the place of the 
indigenous sy.stenis of medicine and of homeopathy 
in the future programme of medical relief for the 
country, the health of the school iwpulation, the con- 
trol of venereal disea.ses, prevention of siUall-pox, 
physical education, health education and publicity, 
the problem of nutrition and control of food adultera- 
tion. 

Groups of members of the Committee will shortly 
undertake tours in the provinces of Delhi, the U.P., 
Bihar, Orissa, Bengal and the C.P. Industrial centres 
in Northern India will also be visited. Tlie.se tours 
will complete the raind survey of existing health con- 
ditions in British India by the Committee, that has 
been in progress for the last few months. 

. 

WORK OF THE INDIAN RESEARCH FUND 
ASSOCIATION FOR 1943 

Report of the vScientific Advi.si>ry Board of the 
Indian Research Fund As.sociation for the year 1943 
contains an account of research work on various 
subjects carried out under the auspices of A.R.F.A. 
During the year under review, a good deal of work 
on the nutritive value of dehydrated vegetables has 
been conducted in tlie Association’s Nutrition Re- 
search Laboratories, Coonoor, under Dr W. R. ■ 
Aykroyd. Steam-blanched cabbage was found to lose 
vitamin C more rapidly on storage than cabbage 
blanched by dipping in boiling water. Loss of 
vitamin C in dehydrated vegetables prepared by the 
so-called “pre-cooking** method was more rapid than 
ill vegctable.s prepared by other processes. The 
general conclusion arising out of a considerable 
amount of work on the vitamin C content of 
dehydrated vegetables is tliat these cannot be relied 
upon as antiscorbutics after a period of a few months* 
storage. 

While carotene is .somewhat more stable than 
vitamin C in dehydrated vegetables, very appreciable 
lo.sses ocair on storage. After 30 weeks’ storage at 
98®F, bitter gourd, cauliflower, carrot, pumpkin and 
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potato lost from 35 to 65 fier cent of tlieir original 
carotene content. Losses in the mineral content of 
dehydrated vegetables during reconstitution and 
cooking amounted to 60 per cent. While attending 
the United Nations Conference on Food and Agricul- 
ture Jn U. S. A., Dr Aykroyd collected considerable 
literature on the effect of dehydration on the nutri- 
tive value of vegetables and other foods, a subject 
which is being intensively studied in Kngland, 
Canada, U. S. A. and Australia. 

IXiring the year investigations continued on 
sprays for killing adult niosciuitocs, on larvicides and 
on various drugs considered to be useful in the treat- 


ment of malaria. Investigations on the best method 
of treatment for starvation cases were undertaken 
and most actively pursued. 

Leprosy research included the continuation of 
observations on the results of different kinds of 
segregation and progress was also reixirted in work 
on a specific test for this disease. Advance was made 
in work directed towards the improvenient of anti- 
plague vaccine. On the pharmacological side, pro- 
gress was made in investigations to determine the 
value, if any, of indigenous drugs reported to be of 
use in certain diseases. A comprehensive and practi- 
cal programme has been outlined for 1944-45. 


INFLUENCE OF VITAMIN C ON BLOOD SUGAR AND BLOOD SUGAR CURVE 

N. M. BASU and 6. N. Bl{RA, 
iikfakt.mi:m of l•Hv.SIOLO(:v, pki!Sii>kncv couw.k, CAiriim 


gANERjRF, (194.]) showed (/) that the glycogen 

content of the liver is diminished in scorbutic 
guinea-pigs but is not increased in normal animals 
receiving injoclioiis of large doses of vilanm C, 
{ii) that the amounts of liver glycogen in scorbutic 
and partly de-pancrealed animals are comparable, 
{Hi) that the ascorlnc acid content of the liver is 
diminished markedly in Ixith sets of animals but is 
increased in both cases after injection of vitamin C, 
and (ir) that the injection of vitamin C to partly de- 
pancreated animals increases the glycogen content 
of their liver. lie further showed that deficiency of 
vitamin C brings about glycosuria in guinea pigs 
which exhibit the diabetic type of glucose tolerance 
curve, and causes reduction of insulin in pancreas 
and that injection of vitamin C restores the normal 
metabolism of carbohydrates in scorbutic animals. 
He also showed that in vitamin C deficiency the islet 
lis.sue of the pancreas is greatly increased or hyper- 
trophied. From these evidences hp concluded that 
vitamin C is similar in action to insulin and that 
glycosuria in scurvy is due to diminution in insulin 
content of pancreas. 

The conclitsion that vitamin C is similar in 
action to insulin is not warranted by these evidences. 
Insulin has three distinctive functions in the 
body, viz,, it prevents gluco-iieo-genesis, promotes 
glycogenesis in liver, and helps the oxidation of car- 
bohydrates, as is evident from the rise of R. Q. to 
about i,* If insulin is injected to normal persons 


• The rise of R. Q. may be due either lo an increase 
in oxidation of car1x)hydrate or to an increase in the con- 
version of sugar to fat or both. After insulin injection 

CO, given outv 

there is not only an increase of R. Q. {i.e. ”o“"<5Siunied 


or animals in high doses, there is a prompt fall of 
sugar in blood which is of course compensated subse- 
quently to some extent by the liberation of adramalin 
causing increased glycogenolysis. Banerjec has not 
been able to show whether vitamin C produces any 
of these actions in normal animals ; on the other 
hand, he has shown that it does not increase glycogen 
deiX)sition in normal animals. 

In scorbutic animals extravasation is noticed in 
almost every part of the btxly. Accordingly one is 
justified to assume that blood supply to glands would 
diminish, particularly in such organs as are provided 
with a rich meshwork of capillaries of which the 
walls become very fragile in scurvy. The islet tissue 
of the pancreas is provided with sinu.s-like capillaries 
of which the walls arc expecte«l to be still more 
fragile. If these walls give in during scurvy, as they 
actually do, there would he a deficiency of supply of 
precursors of insulin and of nutrition to the islet' 
tissue so that its output of insulin would diminish. 
In consequence, the symptoms noticed by Bancrjce in 
scorbutic animals would necessarily supervene, such 
as diminished glycogen content of liver, increased 
sugar content of blood and the diabetic type of blood 
sugar curve etc. The enlargement of the islet tissue 
is also expected from the deficiency of suppl}' of pre- 
cursors of insulin, as a similar enlargeinent, viz., 
general hyperplasia, is also noticed in the case of 
thyroid when animals are deprived of Li particularly 
during embryonic and early post-natal life. It is 
thus clear that none of the evidences presented by 
Banerjec can lead to the conclusion that vitamin C 

but also ail increase in the total amount of CO, given out 
and of consumed. This shows that there is an increa.se 
in the oxidation of carbohydrates. 
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is associated with carbohydrate metabolism or is 
similar in action to insulin. 

To ascertain whether vitamin C has any role in 
carbohydrate metabolism it becomes necessary 
to find out how it affects blood sugar curve of uormal 
persons if it is ingested sometime before, or simul- 
taneously with, tlie intake of dextrose by subjects 
under experiment and what relationship exists be- 
tween this modified blood sugar curve and that 
obtained after tlie administration of the second dose of 
dextrose to experimented subjects immediately after 
the return of the blood sugar to normal following 
upon their ingestion of the first dose of dextrose. It 
is known that the ingestion of a large amount of 
dextrose stimulates the production of insulin, so that 
after the intake by a normal person of a large quan- 
tity of dextrose which causes rapid and considerable 
fluctuations in his blood sugar level, he takes in 
again, within a definite period of time, another dose 
of dextrose, and the consequent fluctuations in bis 
blood sugar level are much less marked than before. 
It may be argued that if vitamin C has an insulin-like 
action, it should prevent fluctuations in blood sugar 
level provided it be given before the first dose of 
dextrose, .so that it* may already attain that concen- 
tration in blood which might be necessary for it to 
cope with the rapid entry of dextrose therein after 
its ingestion. If, ho\^ever, the rates of absorption 
of vitamin C and dextrose from the intestine are the 
same, the supposed action of vitamin C in prevent- 
ing fluctuations of blood sugar level -would be 
obtained if they (/.c., vitamin C and dextrose) are 
given simultaneously. 

In view of these considerations the following 
experiments were performed at the preliminary stage 
on 3 healthy students, viz., II. K., R. R., and K. 
S. After fasting for 12 hours, their blood was 
collected for estimation of sugar* and they were 
given 75g of dextrose. After every an hour up 
to 2 hours their blood was examined for sugar. At 
the end of 2 hours they were given a second dase 
of sugar and their sugar content of blood was again 
examined after an hour to 40 minutes and after 
2 hours. On the day following this experiment each 
of these students after again a period of fast for I2 
Jiours was examined for his blood sugar (i.e., fast- 
ing level of sugar) and then given 300 to 500 mg. 
of vitamin C. After an hour their blood was 
collected for sugar estimation and then immediately 
given a dose of 75g of dextrose. Their blood was 
henceforth examined for sugar every % an hour up 
to 2 hours or more. The results of these estimations 
are given in Tables I, II and III. 

* The estimation of blood sngar in all these exMri- 
ments was made by the well-known method of Hagedom 
and Jensen. 


TABI/E I 

Showing changes in the percentage of dextrose in mg. in 
the blood of H. R. after 12 honrs* fast dne to the intake 
of 75 g. dextrose in 2 doses, the 2nd dose being given 2 
hours after the 1st dose, and also due to the intake of 
vitamin C (300 mg.) followed after ^ an hour by the intoke 
of 75 g. dextrose. 


Changes in dc.vtrosc con- 
tent of blocxl after 2 doses 
of dextrose. 

Changes in dextrose con- 
tent of blood after a dose 
of vitamin C, followed after 
^ an hour by 75 g. dextrose 

Time of exanii nation 
of b1cx>d 

>s| 
f.s . 

he 

£s.a 

Time of examination 
of blood 

Percentage of 
sugar in blood 
in mg. 

After 12 hours’ fast 

108 

After 12 hours’ fa.st 

.os 

^ an hour after the 


5^ an hour after the 


intake of the 1st 


iutake of 300 mg. 


dose of 75 g. dex- 


vit. C and just 


trose 

174 

previous to the in- 


1 hour after „ „ 

148 

gestion of 75 g. 


If II II II 

137 

dextrose 

96 

^ 11 »* II II 

128 

1 hour after the in- 


40 mins, after the in- 


take of vit. C (i.c. 


take of the 2nd 


hr. after the in- 


dose of 75 g. dex- 


take of dextro.se) 

no 

trose 

155 

IJf hrs. „ „ M 

121 

2 hours „ „ „ 

119 

2 ,, M |» II 

103 



2/^ 11 II ' II II 

108 



5 II II II II 

92 

. . 

— 

- - 

.. 


TABbE II 

Showing changes in the percentage of dextrose' in mg. 111 
the blo^ of R. R. after 12 hours’ fast due to tlie intake of 
75 g. of dcxtro.se in 2 doses as in Table I, and also due tr> 
the intake of vit. c. (500 mg.) ami 75 gni. of dextrose 
simultaneously. 


Changes in dextrose con- 
tent of blood after 2 doses 
of dextrose. 

Changes in dextrose con- 
tent of bl(x>d after a dose 
of vitamin C & 75 gm. oi 
dextrose simultaneously. 

Time of examination 
of blood 

Percentage of 
sngar in blood 
in mg. 

Time of examination 
of blood 

It - ‘i 

Percentage of 
sugar in blood 
in mg. 

After 12 hours* fast 
^ an hour after the 
intake of the 1st 
dose of 75 g. dex- 

84 

After 12 houts* fast 
^ an hour after the 
intake of 500 mg. 
of vit. C and 75 g. 

93 

trose 

125 

dextrose siinultan- 


1 hour II 1, 1, 

150 

eously 

141 

II II II II 

84 

1 hour II 1, II 

104 

2 II II It If 

^ an hour after the 
intake of the 2nd 
dose of 75 g. dex- 
trose 

76 

II I* II »• 

98 

79 

2 II II 11 II 

106 

1 hour „ „ „ 

95 



II If II II 

77 
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TABLE III 

Showing changes in the percentage of aextrose in ing. in 
the blood of K. S. M. after 12 hours* fast due to the intake 
of 75 g. of dextrose in 2 doses as in Table T, and also 
due to the intake of vitamin C (300 tiig.) and after *// an 
hour 75 g. dextrose. 

I Changes in dextrose con- 
Changes in dextrose con- | lent of blood after a dose 
tent of blood after 2 doses j of vitamin C followed yi an 

of dextrose. | hour after by 75 g. of 

, dextrose 


Time of examination 
of blood 

Percentage of . 
sugar in blood : 
in mg. 

Time of e\aininatinn 
of Mood 

Percentage of 
sugar in blood 
in mg. 

After 12 hours' fast 

107 

After 12 hours’ fa.st 

140* 

an hour after the 


an hour after llie 


intake of the 1st 


intake of 300 int;. 


dose of 75 g. dex- 


vit. C aiul just 


tro.se 

177 

previous to the in- 


1 hour „ „ „ 

132 

gestion of 7.S g. 


l!'2 II II If »l 

138 

dextrose. 

1.36 

^ II II If II 

134 

1 hour after the in- 


40 !niii.s. after the in- 


take of vit. C (i.c. 


inke of the 2nd 


Ij an hour after 


lUise of 75 g. dex- 


the intake of dex- 


trose 

150 

trose) 

142 

2 hours „ „ „ 

112 

tyi hrs. f, f, ,, 

129 



fi 11 >1 II 

118 



n 11 11 II 1 

1 

115 


It will lie observed that after the and dose of 
sugar the rise of blood sugar in all these cases has 
been distinctly less than after the ist dose. This 
was expected. If vitamin C be ingested half-an-hour 
before sugar (vide Tables I and 111), tliiis allowing 
it to be absorbed before sugar begins to enter blood 
in large amounts, the rise of percentage of blood 

• Hie subject had a fasting level <»f 107 mg.% 
sugar on the previous day. This marked increase in ilia 
percentage of the fasting level of blood sugar to 140 mg. 
on the following day raised suspicion regarding his fast 
for 12 hours ' previous to the collection of blcod in the 
morning for estimation of sugar, but on enquiry it was 
learnt that the subject bad very great worry and anxiety 
on the previous night in so much that lie practically pa.sscd 
it slecplessly. Tliat extreme worry and anxiety cause a 
marked rise in blood sugar due to liberation of adrenoline 
is well-known and the present observation amply confirms 
this fact. 


sugar is markedly less than after the ingestion of 
the Tst dose of sugar alone, and may even be less 
than after the ingestion of the and dose of sugar. 
If, however, vitamin C be inge.sted along with sugar 
and even in greater amounts, the rise of blood sugar 
is distinctly greater than when vitamin C is ingested 
even in smaller amounts lialf-an-hour before sugar, 
Init the level of blood sugar is brought daw ii (luickh’ 
(vide the percentage of blofKl-sugar occurring one 
hour after the ingestion of dextrose alone and one 
hour after the ingestion of sugar and vitamin C in 
Table 11). It is to be noted that while vitamin C 
prevents the abrupt rise of blood-sugar caused by the 
ingestion of glucose, particularly if the vitamin be 
taken sometime before glucose there may be a sub- 
sidiary small rise of blood-sugar after it has definitely 
begun to fall (vide Tables I and II). This is pro- 
bably due to the rapid excretion of vitamin C from 
blood through urine and sweat. This, of course, 
reijuires confirmation by estimating vitamin C in 
blood simultaneously with sugar, so that the exact 
relationship between vitamin C content and the 
sugar content of blood may be ascertained. 

Several problems emerge out of these experi- 
mental results. First, how does vitamin C prevent 
the abrupt rise of blood-sugar after its ingestion ? If 
it be solely through the liberation of insulin, then 
the subsidiary rise cannot be explained. Secondly, 
if it has any direct action, then the R. Q., liver 
glycogen and the Nj excretion through urine require 
to be studied, for these will show whether its action 
is similar to that of insulin, i.e., vitamin C may also 
cause disappearance of sugar of blood by increasing 
oxidation and glycogeiiesis and reducing gluco- 
neogeuesis in which case Nj excretion through urine 
will diminish. Experiments are in progress in the 
laboratory to record further observations about these 
interesting results, to find out the mode of action of 
the vitamin and to assess the vitamin C requirement 
of humans in view of these observations. These 
observations have opened up a vista of possibilities 
with regard to the treatment of diabetes. 
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The Living Soil. — By E. B. Balfour. Faber and 

Faber Ltd. i25. 6 d. net. 

Adequately to review a book of this calibre is a 
ta.sk of no small responsibility. In the first place 
the volume comprises some 250 images of closely 
printed matter, every paragraph packed with care- 
fully reasoned di.scussion. Its theme has furni.shcd 
occasion for a full dress debate in the House of Lords. 
Superficially it is concerned with the relative merits 
of organic and mineral fertilisers. Fundamentally the 
discussion involves the future, in the first place of 
England, and ultimately of world civilization, since 
life itself depends on the maintenance of soil ferti- 
lity. The care and competence with which the sub- 
ject is presented has caused one reviewer to de.scribe • 
the book as among the greatest achievements of 
women in modern .science. 

The trouble with regard to discussions on soil 
fertility, as in sa many other regions of debate, has 
been false simplification, at any rate over-simplifica- 
tion. In the case of agriculture it is necessary to 
consider the great influence of Liebig who as long 
ago as 1840 emphasised the essentially chemical 
nature of crop production. The simplification here 
was the belief that by returning to the soil the chemi- 
cal elements found to be present in the ash of grow- 
ing plants the necessary balance of intake and out- 
put was maintained. Even in regard to possible fer- 
mentative changes taking place in the organic matter 
present in the soil, or added to it in manure, Liebig’s 
explanation was still essentially physico-chemical 
rather than biological. His great influence domi- 
nated agricultural re.search for many years being 
evident at the great Kothamsted Experimental 
Station founded by the benefactions of Lawes & 
Gilbert, themselves .supporters of the Liebig school 
of thought. Later the bacteriologist came into the 
field particularly in regard to the nitrogen cycle, the 
biological origin of nitrogen fixation and of the 
nitrification of ammoniacal products being clearly 
shown to be due to the activity of specific bacteria. 
It appeared simple therefore to add the necessary 
mineral constituents of plant food to the soil, sulphate 
of ammonia in particular, or nitrate of .soda, taking 
a prominent place. So much was this the case that, 
as is well known, Sir William Crookes in 1898 gave 
out the warning of a possible nitrogen famine and 
stressed the growing need for nitrogen conservation. 
Largely in response to this, modern methods for 
nitrogen recovery from the air have been developed 
and quite recently India’s need for a nitrogen re- 
covery industry has been strongly emphasised and 


already preparations are being made for its establish- 
ment. Nevertheless the error or oversimplification 
is .still present. 

As the title of the book under review implies, 
the soil is not simply a mineral storehouse, but a 
world of living inhabitants each pursuing its specific 
vocation, and to a large extent mutually interdepen- 
dent, and whose proper functioning may easily be 
upset by uninformed interference on the part of 
"exploiters” of the soil. "Exploitation” means the 
avoidance of Nature’s necessary "Law of Return” 
which was at any rate partially recognised by Liebig 
so far as purely mineral constituents of plant food 
were concerned. 

The contents of the book under review comprise 
a close discus.sion of each stage in this far from simple 
life cycle, which may be summari.sed in the diagram 
given on page 103 and reproduced below : 


Vegetable 
Animal & 
Human 
Waste 



->Soil— > 1 

— ^Fungus 
etc. 

1 Plant — 


— ^Animal— > 


Mail 


Among these stages special emphasis is laid on the 
most recently observed link in the chain, viz,, the 
mycorrhizal association of fungus and plant root. It 
is this relation which is largely at the basis of the 
claims made for the special value of Compost** a.s 
against all forms of mineral or synthetic fertilisers. 
According to the mycorrhizal theory these types of 
fungi attach themselves to the finer roots of the plant 
and the hyphae actually find their way into the 
vascular .stream of the plant in question and are there 
digested, thus affording protein food to the plant 
instead of the siiiiplified inorganic conipouiids 
hitherto supposed chiefly to contribute its sustenance. 
Opposite page 68 are shown actual photo micrographs 
of root sections and various plant cells including those 
of tea. Both organism and digested hyphae arc 
shown t.^ithin the cell. 

The direct evidence for the mycorrhizal activity 
is largely based on the researches of Dr Rayner 
(published in Forestry, 1939) who has investigated 
the action of these fungi on pine roots in Warehani 
Forest, Dorset. 

The wider significance of these researches has 
been emphasised by Howard. With the assistance of 
Dr Rayner and others it has been found that a very 
large number of different types of plant exhibit this 
mycorrhizal association including such important 
crop plants as cotton, grapes, hops and sugarcane. 

Besides the fungi taking part in this mycorrhizal 
association it has been shown that other t3npes known 
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as predacious fungi play an active part in destroying 
pests such as eel worm. Reproductions of drawings 
are given on Plate XI showing the actual fungal 
inycelia enveloping the eel wonii. 

The undoubtedly beneficial effect of organic 
matter, particularly of compost, is believed to be due 
to the maintenance of fungal activity which it 
ensures. Against tliis contention it has been claimed 
that crops grown purely on mineral nutrients c.g., 
in water culture, the so-called ‘hydroponic* processes, 
are as prolific and healthy as those grown under 
normal conditions. It is here that the crux of the 
discussion is located. The supporters of what may 
be termed .shortly organics vs. minerals say that the 
(luestion cannot be decided simply on quantitative 
results, that while e.g., it is pos.sible to increase 
the normal yield of rice by the application of mine- 
rals, it may be found on the other hand that a corres- 
iKinding increase on the normal amount is required 
to satisfy the appetite of the consumer. 

Moreover the more subtle attribute of quality 
comes into the discussion. Thus a case Is men- 
tioned where during a seasonal glut a van load of 
humus grown cabbages, obviously of special (juality, 
\vas easily disposed of, while the unsaleable offerings 
sent c)n the same day by other growers to the same 
market were ultimately consigned to the compost 
heap. 

Beyond the comparatively simple question of the 
satisfaction of appetite and possibly of aesthetic sense 
is the even more important if debatable factor viz., 
the effect of the method of culture of food crops on 
disease resistance, lx)th of the cro]) itself and of the 
animals or men by whom it is consumed. Evidence 
is brought forward to .show that prolonged sustenance 
oil food raised largely on mineral fcrtili.sers, and at 
any rate on food which has been “processed** during 
its journey from the soil to the coasuiner, results 
ultimately in decrease of t>0J>itivc health, if not in 
the production of definite di.sca.se. 

In addition to all these important matters for 
discussion is the physical effect on the soil itself of 
any disturbance in the right relations of its living 
population. Apart from fungal and bacterial activity 
it is well known that worms are very sensitive to 
•'haiige in alkalinity or acidity, and excessive treat- 
ment with mineral fertilisers teiid.s to reduce if not 
to eliminate the worm iwpulalion. The results of 
worm activity were long ago shown in Darwin's 
classical volume in which he describes most graphi- 
cally the industry of worms not only in loosening up 
the soil, but in devouring and digesting fallen leaves 
and cellulosic matter and finally ejecting worm casts 
lield together by excretory protein matter. The effect 
of worms both in increasing .the porosity of the soil, 
and at the same time producing a aatisfactorv’ water 


retentivity, can hardly be exaggerated. Remarkable 
statistical data are given in tlie book. Thus it is 
stated that as many as eight million earthworms may 
be found in a single acre and that their burrows arc 
capable of penetrating the subsoil to a depth of five 
or six feet. 

If the actual nature of the .soil is to be impaired 
or dc.stroyed the results must be erosion and lament- 
able figures arc given showing that modern methods 
— not of agriculture, but of “exploitation** of the 
soil— have destroyed more soil since igi4 than in 
many centuries. 

It is cle.ar therefore that unless the whole ques- 
tion- is ruthlcs.sly taken in hand and impartially in- 
vestigated many aiiparently admirable plans for food 
production and social welfare may go sadly awry. 
The layer of fertile soil which holds the line between 
civilixation and its final destruction is desperately 
tliin. 

The lines of the old water courses of “Nineveh 
I'yre** are still visible from the aeroplane .speed- 
ing over the deserts of Mesoi)otaiiiia. The cheap food 
of the “Industrial Revolution** is ulliinately paid 
for by the “du.st-bowls** of Western North America. 

The whole ijucstion is of such importance that 
as already mentioned it has been discus.sed at some 
length by knowledgeable .speakers in the House of 
lyords, and at the i)resent time a long term investi- 
gation has been set on foot in what is known as the 
Haughlcy Experiment. 

In this Experiment to be carried out at the 
Haughlcy Research Farm in Suffolk, 200 acres are 
available of which g/j are devoted to what may be 
termed humus farming, organic fertilisers being used, 
and 88 acres to the equivalent use of mineral ferti- 
lisers. The Research h'arm with its attendant build- 
ings and laboratories is under the control of the 
Haughley Research Trust, with I.ady Eve Balfour as 
farm manager. 

Ten years of continuous work are planned 
watching the foml cycle from man and animal through 
plant and soil back once more to animal and man. 
As a result it is hoped that the following five pro- 
positions, arising from the researches and observa- 
tions discussed in the book, particularly those of Sir 
Robert McCarrison and Sir Albert Howard may be 
definitely answered : — 

1. The primary factor in health or the lack 

of it is nutrition. 

2. Fresh iiiiiirocessed natural whole foods have 

the greatest nutritive value. 

3. Fresh foods are more health promoting than 

preserved foods. 

4. The nutritive value of food is vitally 

affected by the way in which it is grown. 
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5. An essential link in the nutrition cycle is 
I)rovided by the activities of soil fungi 
and for this and other reasons the biologi- 
cal aspects of soil fertility are more im- 
portant than the chemical. 

Alrcad>' satisfactory preliminary work has l>een 
carried through, concerned particularly with the 
bringing into order of the two areas of land, so that 
the conditions of experiment may be strictly com- 
parative. If as a result of this experiment there should 
be a general retiini to humus farming another health 
problem will soon be on the way to a solution, viz., 
the economic and healthful di.sposal of towns' wastes 
both water-borne sewage and what is generally known 
as dry or dust bin refuse, or as “katchra" in India. 

There is a temptation to enter into greater detail 
than is possible in a review. It must be sufllcicnt to 
eiiiphasise that no statement is made in the course of 
the lengthy discus.sioiis occupying with dc.scriptions 
and illustrations nine chapters and a postscn'ijt which 
is not fully substantiated by carefully documented 
presumptive evidence, incomplete though some of it 
may be, and subject to further investigation at 
Haughlcy and other centres. There arc twelve full 
or double page plates rei)rodudiig photographs of 
field or pot e.xperinients or of microsections of plant 
tissue, twelve figures and diagrams illustrating com- 
post making, Ilaitghley Research Farm arrangements, 
statistical diagrams, etc. Ample and detailed techni- 
cal references are supplied together with a biblio- 
graphy and what is very welcome in a scientific dis- 
cu.s.sion intended to be read by laymen or noii- 
si)eciali.sts a (Glossary of the special scientific terms 
used in the course of the presentation. 

The book should be available not only in the 
library of every agricultural college but in every free 
library where it can be studied by intelligent and 
public spirited general reiiders. For it is more than 
a specialist discourse, it is a call to the service of 
humanity. 

G. J. F. 

‘Nutrition’— Ry Dr W. R. Aykroyd. Published by 
the Oxford University Press in the series ‘Oxford 
Pamphlets on Indian Affairs', May, iq44. 

No subject is more to the fore today than nutri- 
tion. ‘Through diet a new level of health can Ikj 
attained, enabling mankind to develop its capacities 
to the fullest extent.* The correlation l^twcen 
quality of diet and health and physique has beeii^ 
beautifully brought out in the famous experiments 
of McCarrison at Coonoor. McCarrison's results 
show that the marked differences in the physique of 
the people of the different provinces in India were 
mainly due to the differences in their diets. Faulty 
diet is the cause of deficiency diseases in people and 


of much ill health not sufficiently severe to be classed 
as disease. P'ood will occupy a key position in post- 
w^ar reconstruction. It is essential, therefore, that 
all the relevant facts should be assembled in good 
time to put l)cfore the public and legislators. A 
hearty welcome should therefore, be given to Dr 
Aykroyd's latest book, ‘Nutrition', a recent addition 
to ‘Oxford Pamphlets on Indian Affairs'. 

After a brief introduction the author gives a 
short discussion of the dietary requirements of man 
and only refers to the accepted standards drawn up 
by authoritative organi?:ations like the Technical 
Commission on Nutrition of the League of Nations 
and the National Research Council of America. Dr 
Aykroyd does not mention .the actual amounts of 
different food constituents recommended for different 
age groups as also the special dietary needs of differ- 
ent classes. The reviewer would have welcomed a 
short discussion of this' point. Dr Aykroyd suni- 
mariscs the recommendations in the following words, 
‘In terms of actual foods, this means a high intake 
of milk and milk products, meal, fish, vegetables and 
fruit and a relatively low intake of cereals.' 

Then follows a survey of the food situation in 
India. Two well-known and distinct methods are 
used to estimate the nutrients available per head. 
On the one hand the amounts of food grown within 
the country plus the amounts imported enable a cal- 
culation of the nutrients theoretically available per 
head of the nation. The degree of reliability of the 
results of this method depends on the precision of the 
knowledge of the amounts of food produced in the 
country and also of the amounts of food in the 
country at any time. The second means of gauging 
continuously the national nutrition is the method of 
the domestic diet surveys which indicate the food 
consumed per head of the family. The figures from 
the diet surveys show broadly the effectiveness of 
food distribution. 

In considering the food production data in India 
the Gregory Committee in its admirable report had 
pointed out that the data on the production of food 
was imperfect and Dr Aykroyd also is fully conscious 
alK)ut It has been pointed out in the Gregory 
report and also by Dr Aykroyd that none of the 
Indian States, which comprise some 47 per cent of 
the total land area in India, publish any productit)ii 
figures. While area statistics are fairly reliable, the 
same cannot be said about the .standard normal yield 
per acre and the condition factor, all of which toge- 
ther determine the figures about annual yield. 
I Ultimately all production statistics in India are based 
on information supplied by the village chowkidar 
unlikely to aim at scientific accuracy. Every one 
will agree with Dr Aykroyd when he says, “Caution 
is, therefore, necessary, in using such statistics for 
any but the roughest estimates. Accurate 
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are the life-blood of government ; in their absence 
all planning for the future is handicapped. Improve- 
ment in methods of collecting food production data 
is of esscntal importance to India." Available figures 
for the production of various crops like rice, wheat, 
millets, barlc\’, maixe, milk and milk products, nut 
and oil-seeds, fruits and vegetables, meat, fish, eggs 
and sugar are given. The total annual yield of 
cereals, millets, barley and similar grains is estimated 
to be about 6o million tons of which rice contributes 
about 28 million tons and wheat aliout to million 
tons. The total quantity of cereal grains at present 
lirodiiced in India is barley sufficient for the human 
rxipulation. When the rec|uirements for seeds and 
for cattle and poultry are taken into consideration 
\ihich Dr Aykroyd docs not, the existing production 
of cereals will not cover requirements. The produc- 
tion of all other items is, as is pointed out by Dr 
Aykroyd, hopelessly inadeciuate. ‘Imports and ex- 
ports of food in normal times were small in relation 
to indigenous food production*, says Dr Aykroyd. 
The only important import of food was Burma rice, 
supplemented to a small extent by rice from Thailand 
j«nd Indo-China, amounting to some 4-5 per cent of 
tile total rice supply. “It is quite clear that at pre- 
sent there is no margin of safety for the bulk of the 
population. ‘Agricultural and import statistics*, the 
author points out, ‘indicate in a general way the 
nature of the Indian diet. They show that the main 
focxl of the country is cereal grains and that other 
foods are produced in relatively small amounts. 
They show that the per capita production of milk is 
.small. Kven a rough scrutiny of the food supply 
justifies the deduction that the national diet is defec- 
tive in <|ualily and docs not conform to standards 
generally accei»tcd by nutrition workers. Although 
Dr Aykroyd is not (luitc certain, the reviewer is 
definite that <iuantitatively also the food is insufficient. 

The conclu.sions -sibout under— and nial-nutrition 
among the people of India from production and im- 
port data arc fully corroborated by roo diet surveys 
carried out so far in different parts of India. ‘In 
a diet survey a sample of the population is selected 
and the quantity of all foods consumed by each 
family over a given period is weighed by trained 
invc.stigtaors who make daily house to house visits.* 
A considerable margin of error is inevitable in analys- 
ing the results of dietary surveys. Such surveys 
however, are the best available means of getting in- 
formation on the highly important question of the 
extent to w’hich iieople of the different classes and 
in different parts of the country are under-nourished. 
A brief description is given of diets based either on 
rice, wheat, millet or tapioca and we shall give 
^ Aykrod's conclusions in his own words. ‘Some 
the groups included in the surveys were grossly 
under-fed. ♦ • • Can we venture any tentative esti- 

6 


mate of the proi)ortion of the population which is 
under-fed in normal times? The author’s estimate 
is 30 per cent (the reviewer would put it higher)., 
* • * But, by and large, there is no doubt that a 
high percentage of the population does not get enough 
to eat.’ Deficiency of fat, calcium and vitamins A, 
B complex, C and I) are the main defects of Indian 
diets. 

Vital statistics and the incidence of deficiency 
disca.ses and other nianife.stations of malnutrition arc 
discussed later in the pamphlet but the reviewer is 
of opinion that a di.scussion of this should have 
followed immediately as this also supplies informa- 
tion on the existence and extent of under- and 
mal -nutrition. The infant, maternal and general 
mortality rates in India are high and arc the direct 
effects of faulty and insufficient diet. It is pointed 
out that a number of well-known vitamin and mineral 
deficiency diseases are found in India. 

In a di.scussion of the economics of diet I>r 
Aykroyd points out that in India as in other coun- 
tries, increase in income leads to an improvement 
of diet in the right direction. He, therefore, pleads 
that a rise in the national per capita income will per 
se tend to improve standards of nutrition. The re- 
view'er would ask, if that is fxissiblc without indus- 
triali7.ation. 

The rapid increase in the imputation in India and 
its Imaring on the nutrition problem is v'cry ably 
discus.sed. The pessimists are of opinion that efforts 
to improve the diet of the Indian imople are futile as 
the maximum po.ssiblc increa.se in the production of 
footl will not keep pace with the growth of popula- 
tion and that public health measures will precipitate 
the crisis of over-population. On the other hand it 
is pointed out that utilisation of culturable waste, 
development of irrigation and land reclamation 
.schemes and steady revolution in agricultural tnethods 
leading to increased yields can enable food .supply 
to keep pace with or outstrip jmpulation growth. 
The ability of the country to maintain an optimum 
impulation depends upon its agricultural, as well as 
commercial and industrial wealth. The Malthusian 
the.sis has been completely falsified and England is 
faced with a rapid fall in population. It is pointed 
out by Dr Aykroyd that the well-to-do in India are 
having fewer children and probably the process 
would spread to lower-income groups. 

Having defined the problem Dr Aykroyd pro- 
ceeds to give his suggestions with regard to its solu- 
tion. Spread of knowledge of nutrition throughout 
the whole community is mentioned as the first rc- 
qui.site. The application of scientific planning to the 
nation’s food calls for a better understanding by the 
public of the elementary principles of nutrition. 
Administrators, doctors, public health workers. 
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school-teachers and children — all these and many 
others must learn about nutrition. 

Need for paying special attention to the nutn- 
*tion of ‘vulnerable groups* which include expectant 
and nursing mothers, infants, pre-school and school- 
children is then rightly stressed. If the available 
supply of milk is insufficient for the entire population, 
they should, the reviewer feels, have priority over 
others. The organization of school-feeding schemes 
is recommended. 

Dr Aykroyd then insists that agricultural ijolicy 
must be planned to correct the deficiencies in the 
diet of the population. The cereal production should, 
according to him, go up by 15-20%, pulse produc- 
tion by 15-25%, sugar production by 10-20%, milk, 
vegetable and fish production by 100%. The re- 
viewer feels that our objective should be the provision 
of an optimum diet for all, irrespective of income, 
and plans should be laid to reach the objective by 
forced march, stage by stage, within a specified 
period of time. One Avould have welcomed a 
reference to the need for fertilisers, better seeds, 
better irrigation, crop-rotation and prevention of soil 
ero.sion. The reviewer does not agree that large-scale 
development of ])oultry-farming in India .scarcely 
seems a feasible proposition. 

One would have welcomed a reference to the 
need for the production of synthetic vitamins and 
vitamin concentrates on a large scale. Vitamin defi- 
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ciency states of various kind and degree are common 
in India and unciuestionably large sections of the 
population would be benefited in health by taking 
synthetic vitamins. The administration of vitamins 
can be combined with that of minerals like calcium 
and iron. 

The processing of perishable foodstuffs during 
local and seasonal gluts facilitates their storage and 
distribution and helps to maintain an even flow and 
price throughout the year. One had expected a 
paragraph about the need of a well-developed food 
industry producing a variety of processed foods. 

Proper distribution of foodstuffs is as important 
as production. One, therefore, misses a reference to 
this, as well as to the importance of communal feed- 
ing. A rapid development of communal feeding is 
going on in Russia and in Great Britain. Catering 
for people in large groups is not only economical in 
food, fuel and man-power, but also provides a good 
opi>ortunity of improving the nutritional status of 
those fed. 

But these are small faults to find with a work 
that so ably reviews the nutritional situation in India. 
Dr Aykroyd has .succeeded in producing some very 
readable pages and the pamphlet will be very valu- 
able to all who wish to keep abreast with the problem 
of nutrition in India. 

K, P, B. 


THE EDITOR 

the views expressed in the letters.] 


ALGAE IN THE CRETACEOUS OF THE NARBADA 
VALLEY 

During the micro.scopic study of the Bagh lime- 
stones, with which the present author has been bu.sy 
for some time past, an interesting suit of well- 
preserved fossil algae, has been discovered. The 
family Corallinaceac is represented by Archaeolitho- 
thamnium (Fig. 1), while, Dissocladella, Indopolia 
and Orioporella (?) repre.sent the family Dasy- 
cladaccae. 

As in South India' and Assam,* association of 
the.se families again in the Narbada Valley Cretaceous 
is to be noted with interest. While the present dis- 
coveiy of these fossil algae thus, makes an important 
addition to our knowledge of their distribution in 
space and time, it provides another line of evidence 
for determining the age of the Bagh Beds, from 
which the present author* has already described a 
rich invertebrate fauna. 


A full account these fossils will shortly be 
published elsewhere. 



Fig. I 
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The author is much thankful to Mr Kama 
Nagina Singh for his valuable help. 

G. W. Chiplonkar. 

Department of Geology, 

Benares Hindu University, 

Benares, 10-4-1944. 

* Rama Rao, L. and J. Pia— Pa/, hid. (n.s.), 21, Mem. 4, 
1936. 

*Sri^a Rao, K.—Proc. Nat. Acad. Sci. (B), 13, No. 5, 
*Chiplonkar, G. W.— Pnx-. Ind. Acad. Sci. (B). 6-/5, 1937-42. 


CHEMICAL INVESTIGATION OF CYPERUS ROTANDUS 
AND CYPERUS SCARiOSUS 

Cyperus roiandus (N.O. Cyperaccae) grows 
abundant throughout India and Ceylon in moist soil. 
It is found in most other hot countries as well. Its 
vernacular names are Motha (Beug., Hind., Guj., 
Marathi) — Mustaka — (Sans.). The buUious roots of 
ihe plants arc used as a diphoratie, diuretic, and 
carniinative agent. Along with other drugs it is re- 
commended for dy.scntery. Rao and Hedji' isolated 
ail essential oil from the plant. In our investigation 
besides the cs.scntial oil wc have found an alkaloidal 
body giving positive ta.stcs with Mayer’s, Dragen- 
dorflF’s and Wagner’s reagents. The base could not 
be crystallised but the following salts were prepared, 
liv'drochloride m.p. 12b®, picrate ni.p. 170®, platinum 
chloride 110-112^. The alkaloid is a very weak base 
and is very susceptible to decomixisition specially in 
alkaline media. 

Cyperus scariosus known as Nagar Motha in 
Bengali, Hindi and Urdu is also widely used by 
Ayurvedic and Unani practitioners. We have dctect- 


Oil from 

Yield 

Density I 
300 

Ref. 

Index 

300 

Optical 

rotation 

I. C. scariosus (dis- 
tilled at Benares) 

0*075% 

•9876 

1-495 

nil* 

II. C. scariosus (at 
Kanauj) 

0 080% 

•9874 

1-4892 

to 

1-4890 

nil* 





•0 

aD 

1. C. rotandus 
from Rhizome 
(Rao & others) 

•65—75 

9784 

to 

1 0009 

1-5129 

to 

1-5132 

230 

to 

35-5 

11. from roots (Rao 
& others) 

•94 

•9627 

1-5117 

11-2 

HI. from tnb» (My- 
sore) (Rao & 

•45 

•9831 

1-5055 

U-8 

to 

to 

to 

to 

others) 

•61 

•9843 

1-5066 

9-8 


•Ko optical rotation oonld be detected in a 3% aol. in 
diloiofiomi. 


Cyperus scariosus 



Acid value 

Ester value 

A cetyl value 

I. 

14-7 

38-28 

161-7 

n. 

12-5 

39 48 

156-4 


Cyperus rotandus 


I. 

1-1 to 11-3 

4-9 to 20-1 

63 3 to 84-0 

II. 

109 

6-3 

824 

III. 

8-1 to 10-11 

4-8 to 8-9 

87-4 to 100-8 


ed an alkaloidal body giving positive tests with 
Dragendorff’s, Wagner’s and Mayer’s reagents. We 
could only prepare a picrate, m.p. 102-103®. It is 
a very weak base. 

However, we have obtained a volatile oil from 
this plant by steam distillation which differs con- 
siderably from that obtained from Cyperus rotandus 
in its physical and chemical constants, ^i'he oil has 
got a pleasant odour not unlike that from Khas. 

We rei)roduce above the constants of the oil 
isolated by us from along with the constants of the 
oil from C. roiandus (Rao others). 

The solution containing the acetylated oil (from 
Benares) after determination of its saponification 
value was rendered alkaline with sodium hydroxide 
and distilled in steam. The distillate was saturated 
with sodium chloride, extracted with ether and 
dehydrated over anhydrous magnesium sulphate. 
The dry oil thus obtained (djo ' 9915 ^ ; ”di 1494) re- 
acts with metallic sodium showing thereby the 
presence of free alcohol. 

Further work is going on in the Department and 
would be published in due course elsewhere. The 
authors want to record their thanks to J. N. 
Kapoor, a third year student of this Department for 
distilling the oil first in the Department and then in 
his own works at Kanauj. 

N. K. Basu 

Department of Pharmaceutics, 

Benares Hindu University, 

Benares, 5-5-1944- 

‘ Rao and Hedji. /. S. C. 54, 387-89, 1935. 


''VENEZUELA GRASS” 

In the Statesman of July 21, 1943, there ap- 
I^eared a short note from Shillong to the effect that 
the Agricultural Department, Assam, was ’’conduct- 
ing experiments with a grass obtained from Vene- 
zuela* in S. America which, it is said, drives away 
mosquitoes, ticks and snakes and at the same time 
provides pasture for cattle.” Neither the Depart- 
ment of Agriculture, Assam, nor the Imperial 
Council of Agricultural Research has so far given 
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the botanical name of the grass. From a note pub- 
lished in tile Indian harming for December, 1943 
(pp. 632-f>33) it would appear that in the absence of 
any other name the grass has been named by the 
Assam Agricultural Department simply as ‘*Vene- 
zuela grass*'. 

Through the courtesy of the Assistant Fibre 
Kxpert, Heiigal, this Department received a 
small (luantily of the seed in August last. The grass 
raised from this seed flowered freely in our garden 
and we found it to be Mclinis minuti flora Beauv. ; 
this cletermination has since been confirmed by the 
authorities of the Royal Botanic flarden, Sibpur. 
'file plant is a native of Tropical South America, 
Africa, and Madagascar and is known as “Molasses 
grass’*. It will be interesting to note that in Angola 
it is believed to be inimical to the dreaded tsetse 
fly, the bite of which causes sleeping sickness. By 
virtue of its priority the popular name “Molasses 
glass’* ought to replace the newly coined name 
“Venezuela grass”. 

S. K. vSen. 

Department of Biology, 

Dacca University, 

28-7-1944. 

• The Secretary, Imperial Council of Agricultural Re- 
search. however, states that the seed was obtained from 
Jamaica. 

* Hew«, The World’s (brasses, pp. 223-224, H)29 

* Bailey, The Standard Cyclopaedia of llortiaiUure, p. 2026, 

1935. 


A NOTE ON ELECTROLYTIC INTERRUPTERS 

W’KiiNKbT” '* * was the first to devise an electro- 
lytic interrupter with a lead plate as cathode and 
the tip of a platinum wire as anode. Later 011 Cald- 
well and Simon in their modification replaced the 
platinum wire by another lead plate. We, under 
necessity, started with these known types and tried 
a number of other sets of electrodes of lead (L),* 
platinum (P), plated tin (T), carbon and copper etc. 
However, only the following pairs worked. (Table i). 

The observations taken in the present case, most 
of which arc visual and qualitative, indicate that the 
working of the electrolytic interrupter is governed 
by (i) the diameter of the glass tube enclosing the 
anode lead rod, (if) the diameter of the hole, (fit) the 
length and the diameter of the platinum wire, (iv) the 
current, (v) the iK)tential difference (P-D.) across the 
two electrodes, (vi) the temperature of the electrolyte 
and (vii) the concentration of the electrolyte. In the 
case of most of these factors it has been observed that 
there exist limiting lower and higher values below 
and above which the interrupter stops working alto- 
gether. Now practically all the other factors, ex- 


TABLE I 


S.N. 


2 


1 “ ’ 

Cathode 

Anode 

Remarks 

L 

p 

1 

1 (Wehnelt type). I'he platiunm 

1 wire is sixm burnt away. 

b 

I'- 

(Caldwell Simon type). 


3 I, 




5 


h 


6 


T 


7 

8 


T 


T 



1, with V 


This is the iiuist sutisfiu'torily 
working type and rao.sl of tli’e 
ohservutioiis have Ix'eti taken 
with this jnterrnpler. 


T 


'1* with P 


V 


T 


T with I* 


L 


L with P 


'I'he length of the spark obtain- 
ed with the T-eleclrocles is 
eoiiipnratively less but more 
intense than with the first 
three types. The working of 
the interrupter \rith the T- 
elerlrode is however, nuire 
satisfactory except for tb.m 
(i) the T-electroiles are stsm 
Imriit away, foniiiiig probnl)l.\ 
stannic oxide, and the black 
residue falling down chokes 
the hole whicli is necessary 
for the pr(Ml notion of the in- 
terruptions, (//) some had 
smelling gas, probably SO™, is 
evolveil witb great rapidity 
and (Hi) the noise pnaluced is 
much louder. The.se defects 
render the use of the 'I'-elec- 
irodes for an appreciable time, 
i practically imiKissible. 


cepting temperature and hence also the P.D. across 
the electrode (because the P.D. across the electrodes 
.seems to be a function of the temperature of the 
electrolyte and goes on increasing with increase in 
the latter), can lx; given .suitable working values .d 
will. The lemi>eratiire of the electrolyte (and hemv 
the P.D. also), however, goes on increasing with 
time and finally, exceeding the upper working value, 
slops the working of the interrupter altogether with i 1 
20 to 30 minutes of its start. F'or a constant use 
of the interrupter for hours together, therefore, u 
cooling arrangement, which can maintain the teiii- 
r>erature of the electrolyte to a maximum of about 
5o°C, is necessary. 

Different current-values have got different satis- 
factory working ranges of the temiierature and the 
P.D. The upper limiting values of the temperature 
and the P.D. are nearly the same for all the values 
of the current used ; only the lower limiting values 
go on shifting to lower and lower values as the 
current is increased. 

The most important factor is the diameter of the 
hole used. At a particular temperature a very small 
change in the value of the diameter of the hole brings 
about an enormously great change in the value of 
the P.D. which in its turn affects the working of the 
intermpter to an equally great extent. At a parti- 
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cular temperature and current, the P.D. across the 
electrode is very much higher but less steady with 
smaller than with bigger holes. 

Other two points of importance that need men- 
tion are that (t) a hole, though not necessarily at 
the anode as suggested in the literature, is a neces- 
sity (there may be one hole at any one or both of the 
electrodes) and (it) the platinum wire of the anode 
need not protnide through the hole ; on the other 
hand, it is l>etter to keep it centrally alnwe the hole 
within about 2-5 mm. of it. 

The exact mechanism of the working of the 
interrupter is not clear. It seems, however, that 
the intemiptions are produced by the periodic sheath- 
ing and unsheathing of the hole by the gas bubbles 
produced during the working of the interrupter. 
Details will be published elsewhere. 

Our thanks are due to Prof. R. K. Asuiidi. 

Lmji Lai. 

Department of Physics, 

Benares Hindu University. 

3-8-1944. 

L-electrodes used were cylindrical lead rods. 

‘ Dictiomry of Applied Physifs, ,2. 1078-79. 1922. 

“ Klectricity and Magnetism by S. G. Starling, p. 448, 1924. 
\'-Raya by <5. W. C. Kaye, pp. 66-on\vards, 1926. 


IONISATION IN ACTIVE NITROGEN 

Tin*: author of this note in two recent conmiuiii- 
cations has put forward and .substantiated tlie hyix)- 
lliesis that active nitrogen is .simply the po.sitive ions 
of nitrogen in the N2‘^(X') state jiroduced by the 
disi'harge.'*" The glow »)f the gas with its charac- 
teristic first positive l)and.s was attributed to the 
excitation of the niolecule.s by a three-lwdy collision 
process as follows : 

N,*(X') + e + Na->N, (B-state) + N3 (A-state). 
According to the hyiwthesis, therefore, the ionisation 
and the glow are intimately associated. In the pre- 
sent note results of certain experiments on ionisation 
ill active nitrogen as observed by Rayleigh and by 
Constantiiiides will be considered and it will be 
shown that while these receive easy explanation 011 
the proposed hyiiothesis, their interpretations by any 
other theory lead to difficulties and contradictions. 

The experiineiital results are the follow’ing : 

(1) Ionisation is always associated with the 
glow ; the decrease of the one is accompanied by 
the decrease of the other.* 

(a) The glow and the ionsation persist even after 
the glowing gas from the discharge tube has l>ecn 


drawn through a pair of electrodes, with a strong 
electric field across them, with a view to “trap*' any 
of the ions surviving from the discharge.* 

(3) Ionisation current flowing between a pair 
of metallic electrodes immersed in active nitrogen is 
not the same for all metals ; under similar conditions 
copiier electrodes carry about six times as much of 
ionisation current ns electrodes made of other 
metals." 

I{xperiiiietital result (1) is an obvious coiise- 
(lueiice of the proixised hypothesis. Since the glow 
is caused by recombination of ions and electrons 
the intensity of the glow will diinitiish with the de- 
crease of the concentration of the ions and electron-.^. 

Kx|)erimcnl (2) is usually interpreted, on the 
assumption that the “trap** has removed all the ions 
and electrons coming from the discharge, as showing 
that the ioni.sation is produced by the active nitrogen. 
It is, however, not easy to envisage the mode of 
ion production. The only ways by which the ionisa- 
tion can produced are : (a) by the photo-electric 
action on the metal electrode by the light of the glow, 

(b) by photo-ionisation of molecules by same and 

(c) by energy imparted to Nj molecules by active 
nitrogen. Experimental tests on (a) made i)y Ra>'- 
leigh definitely exclude the possibility of photo- 
electric effect.* As regards (b) and (r) we note that 
the minimum ionisation potential of is 15*58 e.v. 
And, spectroscopic evidence show that extreme 
ultraviolet radiation of wavelength sufficiently small 
corrc.sponding to this potential is not emitted by the 
glow'. Speclrosci>pic evidence also show that the 
niaximuni energy which the active N.^ iiK»lecule can 
imi»art to another atom or molecule is only o*5 e.v.' 
It is therefore clear that the ionisalit»n cannot he 
produced by the glow'. One is thus forced to the 
conclusion that the ion trap in experiment (3) is in- 
effective and that the ionisation in the glow* is de- 
rived from the discharge. According to the proposed 
hyfiothesis this is po.ssible as follows: We recall 
that according to the hypothesis tlie long life of 
active nitrogen is due to the reduction of the 'wall- 
effect*. This, in other w’ords, means that only a 
small fraction of the electrons and ions proceeding 
towards the walls is able to contact the surface and 
recombine thereon with the glass acting as the 
catalyst. Now, the electrode surfaces of the ion- 
trap immersed in active nitrogen also become 'condi- 
tioned*, at least partially, and, as such, prevent the 
access of the ions and the electrons on to them. The 
ions and electrons drawn from the discharge thus 
pass through the electrode system placed to trap 
them, and are iire.senl in the space beyond. In fact, 
the ionisation current flowing between such electrodes 
will only be a small fraction of that which w^ould 
otherwise flow if the electrode surfaces were normal 
and unconditioned. It also follows that if the glow- 
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ing gas be drawn successively through two '^traps’*, 
the ionisation current flowing between the second 
electrode system would be hardly affected if a field 
be applied across the first pair. This is what was 
observed in the experiment of Constantinides.^ Two 
electrode systems, each consisting of a pair of coaxial 
cylinders were placed end on and the glowing gas 
from the discharge tube was drawn through them. 
It was found that the ionisation current between the 
second pair was decreased by only 2 per cent when 
a strong field was applied across the first, though 
the length of the first pair of electrodes was i *4 times 
that of the second pair. 

The fact that metal surfaces held in active nitro- 
gen are conditioned is shown by experiments of Ray- 
leigh on the incandescence of metals in it.'‘ The 
metal piece becomes incandescent if it is not too far 
from the direct discharge or if it is slightly warmed. 
The interpretation of the experiment is that the metal 
is ordinarily unaffected because it is 'conditioned*. 
Only when the conditioning is destroyed by heating 
or by the surface being brought close to the discharge 
that reaction on its siirfiice starts and the metal be- 
comes incandescent by the heat of recombination of 
the electrons and ions. 

lixperimental result (3) is easily understood if 
the very natural assumption is made that different 
metals are “conditioned** to different degrees in 
active nitrogen. Indeed, it would have been surpris- 
ing if it were fjtherwiso. According to the explana- 
tion given above, electrodes made of metals which 
are conditioned to a lesser degree will carry com- 
paratively large ionisation current. Such metals, 
because the> permit electrons and ions to contact 
the surface, will also have comparatively greater 
destructive effect on active nitrogen. Experiments 
show that copi>cr is destructive of active nitrogen to 
a greater degree than other metals ;* electrodes made 
of copper therefore carry more ionisation current than 
those made of other metals. 


S. K. Mitra 


Wireless Laboratory, 

University College of Science, 

9a, Upper Circular Road, 

Calcutta, r;-8-i944. 

*,Mitra, S. K., SaENCK and CuUUrk, 9, 49, 1943-44; Nature, 
154, Ang. 12, 1944. 

* Rayleigh. Proc, Roy. Soc., A., 86, 56, 1911; 180. 123, 1942. 
‘ Constatituiide.s, P. A., Phys. Rev. ,30, 95, 1^7. 

".•Rayleigh, Proc. Roy. Soc., A., 180, 123, 140, 1942. 

’ Oknlx), J. and Hamada, H., Phil. Mag. , Ser. 7, 5, 372, 
1928. 

•, • Rayleigh, Proc. Roy. Soc., A., 178, 1, 1940; 87, 302. 1912, 
see also Ref. 3. 


SYNTHESIS OF 1. 2J>l-P41YDROXYPHENYL. 
CYCLOHEXANE.* 


Rkcbnt developments in the field of synthetic 
oestrogens have stimulated renewed interest in the 
search for new substances of useful oestrus response 
having structures closely resembling that of 4, 4L 
dihydroxy-<, jS-dietheylstilbene and its hydrogenation 
product 4, 4Mihydroxy-y, 8 -diphenylhexane. With 
this object in view, we have prepared i, a-di p- 
hydroxyphenyl-cyclo-hexane(I) by a method, which 
has been described below. 


CH, 

I I 

C,H4. OH C.H.. OH 

' (I) 


CH, CH, 
CH CH 


CHa CH, 

/ \ 

CHa CO 

\ / 


CH CHa 


I 

C.H4.0CHa 

(II) 


Potassium salt of ethyl p-inethoxyphenylcyano- 
acetate was condensed with ethyl 8 -iodovalcrate, 
when diethyl-<-cyano-<-p-methoxyphenyl pimelatt* 
(b.p. 215-220^/6 mm.) was obtained in good yield. 
The cyanoester was hydrolysed by prolonged reflux- 
ing with concentrated hydrochloric acid and the re- 
sulting crude acidic product was esterified by the 
usual alcohol sulphuric acid method. Diethyl <-p- 
methoxyphenylpimelate (b.p. 306-208P/6 mm.), thus 
obtained, w'as cyclised by means of sodium dust in 
dry benzene, 1>ut as the cyclised product could not 
lie distilled without decomposition, it was hydrolysed, 
without further purification, by refluxing wdtli an 
excess of 20 per cent siilpliiiric acid. 2-i)-Methoxy- 
phenyl-cyclohexaiioiie i>assed over as un oil on puri- 
fication by distillation in vaaium and Solidified on 
standing, (m.p. 92°, semicarbazonc— m.p. 157®). 
(jrignard reagent prepared from p-bromo-anisole and 
magnesium was reacted with the above ketone and 
the resulting crude curbinol was dehydrated by heat- 
ing with fused potassium hydrogen sulphate at 180^ 
to yield i, 2-di-p-methoxyphenyl A '-cyclohexene 
(b.p. 2 io- 2 I 2 ^/ 5’5 mm.), i, 2 Di-p-hydroxyphenyl- 
cyclohexane, which was obtained by catalytic hydro- 
genation of the above cyclohexene derivative followed 
by demethoxylation of the latter by refluxing with 
constant boiling hydrobromic acid in glacial acetic 
acid solution, melted at a range of 174-178^ and seems 
to be stcreochemically impure. 

Further, we intended to prepare i, 3-di-p- 
hydroxyphenyl cyclohexane by a similar method, 
using 3-P-niethoxyphenylcyclohexanone (II) as the 
starting material. Previously there had been a claim 
for the synthesis of the latter by us.' But now we 
have found the compound prepared by us to be re- 
taining an ethylenic linkage adjacent to the carbonyl 
group in the cyclohexane ring. It was observed 
during the repetition of these experiments that the 



September, 1044 


BETTERS TO THE EDITOR 


135 


semicarbazone of the final ketone developed coloura- 
tion on standing. Similar observation was already 
on record by Simonsen ei al* in the case of the seini- 
carbazone of synthetic cyperone, where similar group- 
ings are present. Consequently this ketone was sub- 
jected to hydrogenation in presence of platiiiiini oxide 
catalyst and was found to absorb one molecule of 
hydrogen and the resulting product yielded a .semi- 
carbazone (white) melting at 183-184® (shrinks at 
180®) as different from that of the uiisaturated ketone 
which melted at 21 7-2 19®. It is probable that the 
lactone of i-carbethoxy-2-p-methoxyphenyl-2-hydrf>- 
xypentane-5-carboxylic acid, which was treated with 
zinc and cau.stic alkali for furnishing the appropriate 
piinelic acid, had escaped reduction. 

Further confirmation of the recent observation 
together with the details of works carried out with 
3-p-methoxyphenyl-cyclohexanone will be published 
elsewhere. 

S. K. Roy 

D. K. Bankrjke 

Sir P. C. Ray Research Fellow’s lyaborator^', 
University College of Science and Technology, 
Calcutta, 7-8-1944. 

* In view of Itie recent, publications of the attempted 
.synthesis of 1, 2-di-p-hydroxyphcnyl cyclohexane liy Itice 
fuid Muller, (/. Am. Chem. Soc., (ifi/ G2H, 632, 11M4), wc 
have placed on record the work carrieil out by us <»n the 
same. 

’ /. htd. Chem. Soc., 17, .S73, im 
*/■ C. S.. 1576, 19.17. 


A NEW SULPHAGUANIDINE 

Recrnti,v considerable intere.st,s are being direct- 
ed towards sulphaguanidine as it is being largely 
used in the treatment of bacilliary dysentery. The 
drug has, how'ever, certain drawbacks — such as its 
higher dosage and comparative insolubility that pre- 
vents its parenteral use in urgent cases* 

NH,. C,H4 SO3. NH V 

^C:NH 

NH,. SO,. C,H4. 

(I) 

In search of some suitable sulphaguaridine deri- 
vative, we have obtained the compound-“.siilphanilyl- 
(^-sulphonamido-phenyl) -guanidine (I) by reacting 
sulphanilyl cyanamide’ with p-amino-benzeiie-sulpho- 
namide itself in molar proportions at a temperature of 
i8o®C. The compound is readily soluble in dilute 
acid as well as in alkali. It crystallises from boiling 
water in alend^ needles, m.p. 31^. The activity 
the compound is being studied in vitro against 


various dysentery organisms in presence of />-aiiuno 
benzoic acid. 

P. K. Das Guj*'rA 
P. Gupta 

Heiigal linmimity Research Laboratory, 

Calcutta, 7-8-1944. 

‘llughch, lirit. Jour., I, 691, 1941. 

• Winiiek el al. Jour. Amer. Chfin. Soc., ti4, 1682, lfM2. 


THE EFFECT OF HEAT TREATMENT ON THE 
K-ABSORPTION EDGE OF ZINC IN 
. ZINC SULPHIDE 

It is reiK^rted that zinc sulpliidc, when freshly 
prepared by the method of precipitation, is not lumi- 
nescent ; but it Ixjcomes so after being heated at 
c)oo®C for half an hour. Differences of opinion exist 
as to the exact cause of the lumine.sccnce of zinc 
sulphide. Seit* interprets the blue liiiin’ni.scence of 
this comi)ound in terms of the interstitial zinc atoms, 
but this interpretation has been criticised by 
RandalP and others in several respects mainly because 
the existence of these atoms has m»t l)een demon- 
strated experimentally. 

The effect of chemical l)inding *)n the X-ray 
absorption edge has been the subject of many in- 
vestigations and it is now known that even the 
K-absori)tion edge of an element undergoes slight 
shift in the pure .state and in coinpounds. The pre- 
.sence of interstitial zinc atoms in a .sample of zinc 
sulphide (heated at 90o®C) is, therefore, expected to 
affect the position and width of the K-absorplion 
edges of zinc and sulphur in the zinc .sulphide 
cry.stal and the effect on the K -absorption edge may 
throw .some light on the question of these interstitial 
atoms. , 

In the present inve.stigation, therefore, the K 
absorption spectra of zinc sulphide freshly prepared 
and heated at different temperatures have been photo- 
graphed ; iK)sitions and widths of the absorption 
edge have been measured in each case with the pur- 
t)ose of stud3dng the effect of interstitial atoms, if 
any, on the K-absorption edge. 

The electron type of the metal X-ray lube fixed 
to a spectrograph as devised by Sicgbalin has been 
used in the investigation. The slit through which 
X-rays enter the spectrograph is covered by an alu- 
minium foil of thickness 0*009 cm. to separate the 
high vacuum side from the spectrograph. The well- 
known Bragg method is adopted for focussing with a 
calcite crystal. The distance between the centre of 
the crystal and the plate holder in this spectrograph 
is IT’S cm., which gives a dispersion of about 16 X.U. 
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per mni. in the photographic plate in the region 
studied. The plane calcitc crystal is rocked to and 
fro by an auxilliary motor through an angle of 1*5^ 
Ijoth uays from the proper reflecting angle. An 
oxide coated ‘dull emitter* has been used as the 
source of electrons. 

For the alxsorption .screen the .samples were finely 
1)(>wdered and an emulsion of the powder in a gela- 
tinous solution of celluloid in acetone prepared ; this 
emulsion poured on a clean glass surface cvaiM)ralcs 
into nice absorption screens. The optimum thickness 
could be obtained by a few trials. For heating the 
sam])le, electrical heaters made of nichroine wires 
were u.scd. The temperature of the heater was 
measured with the hel]) of a calibrated thermocouple 
and could be varied by adjusting the current in the 
circuit. During heating, proper precaution was 
always taken to prevent oxidation of the sample. 
The anticathode used was of cojiper ; the Cu K/^, 
(t.l^ iuid the platinum l<i (1310) could be 

taken as reference lines. Measurements were made 
on the microphotoinetcr curves ; dispersion on the 
microphotometer record i.s 24X.U. per mm. The 
measurements are given in the table which is .self- 
explanatory. 

TABLE I 

Wavk I/Kncths in X.U. 





1 1 




1 begiiini: 
of edge 

i _ 

.9 00 

0 1 

X 

Shift 

Zn m 



End 

1 edge 

jd 

Xn. metal 

1286*36 

1275*75! 

1289-aS 

10-6 


ZnS at 30®C 

1289*94 

1275*24 

1282-54 

14*7 

2-49 

ZnS heated In 500OC. 

1289-42 

1275*30 

1282*31 

14*22 

2-26 

ZnS lieated to 500“0. 

1289*03 

1275*05 

1282-18 

13*96 

2-13 

?StiS heated lo 

1286*71 

1275-6 

1280*86 

11*32 

0*8t 

ZnO 

1284-5 

I2?J-I 

1381*8 

i 

5*4 

j 

1*75 


In discussing the results insufllciency of data 
is immediately apparent. The beginning of the 
absorption edge in metallic zinc is at i2Sb'36X.U. and 


the width is io*6X.U. For samples of zinc sulphide 
at room temperature and heated to 500®C and S9cPC 
it is found that the position« width and the beginning 
of the edge remain unchanged within experimental 
error. For the .sample heated to ick)o®C, thc.se are no 
longer the same but suffer a change, and the change 
is in every rcsi)ect towards tho.se of the metallic zinc. 
These results may be taken at least qualitatively as 
an indication of the existence of .some free zinc 
atoms in. the lattice ; of course it mitst be admitted 
that further detailed investigations are necessary to 
.settle the question finally. 

Our thanks are due to late Prof. U. R. Ray, 
D.Se., Khaira Prof, of Phy.sics, Calcutta University 
for granting facilities of work in his labora- 
tory. 

H. N. lk)SK 

N. Sen Gum 

Khaira Laboratory of- Physics, 
g2, Upper Circular Road, 

Calcutta, 7-8-1944. 

^ Trans. Farad. Soc., p. 83, 1^39. 

* Ibid., p. 85, 1939. 


BALANCING OF CHEMICAL EQUATIONS 

The above letter by Mr R. Parshad uas jml)- 
Ushed (Science and CupmE, 10, 95, 19*1/^) through 
inadvertence, as sucli methods of balancing chemical 
cipiations are (luite well-known and arc found in 
many text books of cliemistry. For instance, we 
may draw the attention of the author in this con- 
nection to the Textbook of Physical Cheiiiistry by 
James Walker (1Q19 Rdition). 

lui, SciiwCE^it Cui/ruKi': 

Calcutta, 7-8-1944. 
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NEED FOR A CENTRAL BUREAU OF STANDARDS 


rj^HE subject of staiuLardization, csiiocially llic 
dcvclopineiit of llic methods of standard si>cci- 
fication of industrial and coinincrcial products, has 
so far received scant atleiilioii in this country. At 
a time when plans for the creation of a number of 
central laboratories, such as the National Physical 
Laboratory, the National Chemical Laboratory, the 
National Metallurgical Laboratory, the Glass and 
Silicate Research Institute and the Central Kuel 
Research Station are bciiijj: discussed and some arc 
already in the process of being executed, it is curious 
that so little attention is being paid to the all- 
important (luestion of siiccifications and maintenance 
of standards in this country. The vslablishnient of 
these laboratories, we arc given to understand, will 
provide the necessary scientific background needed 
for the po.st-\var iiKlustrializatioii of India. Put the 
oificiency of that ]>rocess, it need hardly be added, 
ref|iiires simultaneous development of organizations 
for the s])Ccifications and maintenance of standard 
work which is now in a state of hopeless muddle and 
neglect. Varied and sometimes conflicting standards, 
not infrequently lacking proper scientific basis, are 
ill use in India and have sometimes become even a 
retrograde factor in the healthy growth of industries 
and the .smooth ojicration of commercial transactions. 
Giic clearly perceives the paramount need of standar- 
dization work in all fields of a country’s ai’tivities — 
agricultural, industrial and commercial, and it is high 
time that the attention of the Oovcniment, the in- 
dustry, scientists and experts concerned ivcre focussed 
on this cpiestion. Iilsewhere in this issue we iniblish 
an article to indicate more fully the .scope of such 
standardization work and the ways in which such 
work is being conducted in other countries, notably 
the U. S. A., and the TTnited Kingdom. 

In India we have several purchasing agencies. 
Apart from the activities of the present Supply 


Department, which is purely a war emergency orga- 
nization, the Indian Stores Department since 1921 
been doing all the purchase and inspection of mate- 
rials on behalf of the varitnis civil departments and 
railways and has drawn up a tmmlier of siiecifications 
for various inaturials (F.S.D. specifications) in colla- 
boration with the (iovennnent Test House, Alipore. 

The Railways have got their own specifications 
called the Indian Railway vStandard s])ecifications 
(I. R. S.) to guide them in Iheir imrchases. The 
Railway Roard has got a .standardizing .section called 
the Central vSlandard Offices and draws up the I. R. S. 
specifications through the agency of its committees 
in close collaboration with the fiovernment Test 
House, Alipore, and the Indian Stores Department. 

The Master General of Siippliis lias his own 
siiecilications (Af. fL S. vSpecifi cations I. The War 
Department follows the H. v^. Specifications and 
the Air Minislry Material vSpeeificalions ( 1 ). T. D. 
Specifications) in addition to its own specifications 
( 1 . M., T. and R. I. A. S. C. .specifications). ’“other 
bodies like the Corjiorations, Municipalities, District 
and Local Hoards, and Indian States adopt any one 
of the non-military spcciflcatioiis, particularly the 
I. S. D. .sjiecifications, according to their convenience. 

The private consumer in many ca.scs is ignorant 
of all these apparently confusing specifications and is 
content to be at the mercy of traders and their trade 
marks. 

The present war has introduced further con- 
fusion and comiflications due to the dearth of proper 
materials, and the sjiriiigiiig up of a host of war 
eiiiergency .specifications. Adulteration in foodstuff.s 
is very coinmoTily firacti.sed owing to utter lack of 
any control or standardization in these es,sential 
commodities. 

As regards weights and measures, nowhere do 
we find so much confusion as we find in India, and 
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standardization and verification of local weights and 
measures constitute an urgent problem. 

^ Some hL-jLiinning in stand anliziiig work has been 
made in certain fields. The Agricultural Depart- 
ment, through its ^larkctiiig Hoards, has been doing 
useful work in the grading of commodities, such as, 
eggs, fruits, tobacco, oilseeds etc. agricultural dairy 
and poultry products bearing the “AGMARK” stamp 
arc consiilered to be standardized goods. Some 
textile goods are now coming under standardization 
as a result of war condition.s. There is a standardiz- 
ing laboratory at the All India Institute of Hygiene 
for drugs standarization. The I. S. 1 >. and the 
I. R. S. specifications have done some useful work 
by laying down standards for certain types of mate- 
rials for the guidance of manufacturers and con- 
sumers. We may, however, add that ^letallurgists 
and Chemists Sub-Committee of the I. R. C. A. has 
nothing to do with standardization and that the 
Paints Committee (N. 5 Standing Committee) of the 
C. O. I. is doing war emergency work of no perma- 
nent value. 

V^arious Imperial Conferences have stressed the 
necessity of co-ordination within the Hnipirc of the 
nationally agreed specifications, and the desirability , 
of establishing one central national slandardizing 
l)o<ly in each of the commonwealth units. Most of 
the Dominions have already established their own 
standarization oragnizations. ^ut India, which is 
the biggest unit in the Rritish Rmpire has not so 
far attempted to establish its own central standardiz- 
ing body capable of co-ordinating the huge mass of 
heterogeneous work that is going on in this .sub- 
continent. 

Some years back, we understand, the Govern- 
ment of India was actually negotiating to have a 
central standardi/iiig body, similar to those esta- 
blished in the other units of the Hrilish Empire, but 
sub.se(|uently it was thought that the creation of a 
separate body for this specific purpose alone was not 
financially justified. It was hoped that in the near 
future a standardizing department could be esta- 
blished at least as an .adjunct to an already existing 
Government Scientific Institution. 

It has been the experience of those, engaged in 
the testing of materials against specifications, that 
the insistence on rigidlj’ following foreign .standard 
.specification.s, such as the B. vS. Specifications, is not 
only unnecessary under Indian conditions Init is 
sometimes detrimental to the free development of 
industries in this country. Numerous in.stances could 
be quoted in which the conditions of testing with 
regard to temi^crature, humidity, and otlier atmos- 
pheric conditions, and also the limits of chemical 
composition of the matenals in relation to the parti- 
cular raw materials used, require substantial modi- 


fications to suit Indian conditions. Certain raw mate- 
rials, which ’otherwise would not have been utilized 
industrially have now been considered suitable as a 
result of investigations, carried out in some of the 
exi.sting Government laboratories. 

The few engineering and technical institutions 
existing in India, such as the Institution of Engineers 
(India) and the Institution of Chemists (India), have 
not been developed to such an extent as to take up 
independently the work of standardization and draw- 
ing up of .specification, as is being done by similar 
l)odics in England and America. 

At present there is no central organization in 
India to deal even with the B. S. Specifications as 
and when they are referred -to India for suggestions 
and improvements. Sometimes they are circulated to 
a few institutions like the Government Test House, 
Aliporc, and a few isolated experts in the country, 
through their local agency, the Institution of Engi- 
neers (India). The Institution of Engineers, as it 
is at present, is not expected to be very much 
interested in many of the specifications, referred to 
them and conseciiiently no organized or substantial 
co-operation in the framing of these B. S. Specifica- 
tion is pos.siblc. The universities and technical and 
learned bodies in India do not aiipe.'ir to be interested 
either on these matters. 

The present consciousness that is being roused 
in industrial research and allied matters in this 
country will, we hope, bring about a better appre- 
ciation of this important .subject uhicli is iiitimalcly 
connected with industrial progress. 

Industrial research itself is of recent origin in 
India. The present war has given an incentive to 
speed up indu.stri.al re.scarch, due to the cutting off 
of supplies from foreign countries, and the conse- 
quent search for temporary substitutes. 

The Council of Scientific and Industrial Research 
in India is an organization which is trying to organize 
its activities on the same lines as the Department of 
Scientific and Industrial Research (D. S. 1. R.) of 
England. Under its auspices various laboratories arc 
carrying out a large amount of industrial research 
work and it is now proposed to have a number of 
research institutions (previously mentioned), cstab- 
li.shcd in India. 

The National Physical Laboratory which is 
expected to be established soon in one of the 
iiiiix^rtant scientific centres of India will, it is ex- 
pected, be mostly concerned with industrial re.scaroh 
in subjects similar to those dealt with by the 
National Physical Laboratory of England excepting 
.some of the branches like metallurgy etc., which arc 
to be specialized in separate institutions. But unless 
testing and standardization work is also included in 
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its principal activities or unless by scientific arrange- 
ment with the National Physical I^aboratory it is 
concentrated in an existing institution, such as the 
Government Test House, Alipore, where testing, 
standardization, and specification works in limited 
fields are already being carried out, it will not have 
the same complexion or the same importance as the 
National Physical Laboratory of England, so far as 
industrial standardization work is concerned. More- 
over, the proposed National Chemical Laboratory in 
India may be established at a different place and as 
such may not be an adjunct of the proposed National 
Physical Laboratory, as is the case with regard to 
the National Physical Laboratory and the Chemical 
Research Laboratory, both situated together at Ted- 
dington, and conseijueiitly, full standardization work, 
both physical and chemical, cannot be expected to 
be carried out efficiently in either one of these pro- 
posed individual laboratories ; the Covernincnt Test 
House, however, has facilities for both physical and 
chemical work. 

In England, the llritish Standard Institution is 
there to collect data and co-ordinate the results ob- 
tained at various centres of work, and the National 
Physical Laboratory is the most imi>ortant Govern- 
ment institution where standardising work is actually 
being carried out. 

In India, where non-official technical institutions 
arc poorly eciuipped for this kind of work, a com- 
bined iiLstitulion where both these things could be 
done without rimniiig into heavy expenses is the 
most desirable at ijrc.sent. 

This can bo easily achieved if an existing 
institution like the Ciovcriimcnt Te.st House, Alipore, 
which has got experience in testing, standardizing 
and framing of specifications in a limited field, is 


pre.ssed into service. This can be done either by 
actually establishing the proposed National Phyjjical 
Laboratory at Alipore, or by making the standardi- 
zation work exclusively a responsibility of the 
Government Test House. 

It can expand its activities in the following 
ways : — 

(i) To arrange for test iwogrammes in connec- 
tion with the drawing up of specifications. 

(j) To carry out investigation and research work 
in order to standardize materials to suit particularly 
Indian conditions. 

(3) To collect data and co-ordinate the work 
carried out at different places, and also to be in touch 
with the various technical institutions and learned 
.societies in the country, and draw up sjiccilications. 

(/|) To prepare clieinical standards for use as 
standards and references in India. To maintain 
correct standards in weiglits, measures and instru- 
ments for standardizing apparatus n.sed for measure- 
ment of beat, electricity, etc. 

(5) To standardize methods of testing and 
analysis in order to ensure uniform results in various 
testing laboratories, and to develoj) new mclhods, 
whenever pos.siblc and necessary ; X-ray and spec- 
troscopic analysis, flourescence method of testing, 
iiiecro-chemical and senii-niicro-inetbods, si)ray tests 
and other new methods for determining the efficiency 
of metallic coatings, spot tests, and a host of special 
methods and lechniiiue, which are being pul to use 
in otlier countries, arc to be ileveloped here and 
standardized. 

A Central Hurcau of Standards of this type, if 
estaldished in India, would be of immense heljj not 
only for the industrial dcveloiimeiit but also for the 
progress of industrial research in India. 


STANDARDS AND THEIR SPECIFICATIONS 

JiContributed) 


JN ancient and medieval limes, standards of 
iluaiUities in every day use were in a state of 
utter confusion. Almost every State, nay every city, 
bad its own standard of length and weight, and it 
is now one of the tasks of the antiquarian to find 
out the exact value of many of tliesc ancient 
standards of length and weight. Thus the English 
standard yard is supposed to represent the measure 
of the distance between the tip of the nose and the 
end of the middle finger of the fully outstretched 
band of some ancient English king, possibly 
Hihvard I, The first .scientific attempt to put 
"eights and measures on a .scientific basis was made 
during the French Revolution, when the metric 


system was iiilroducecl and the Hureau des Poids et 
Mesurcs was established with the object of defining 
these standards, maintaining them, preparing secon- 
dary .standards, and working out for the whole 
country a uniform system of weights and measures. 
Other countries followed in the wake of the French, 
si^Tiie (|uickly, others more tardily. 

Since the rise of the scientific age, hundreds of 
new measuring devices have been coming into opera- 
tion, such as thermometers, electrical meters, gas 
and water meters etc. Hundreds of new commercial 
products are being put in the market, and they all 
require ‘standard .specification*. 
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What is 'Standardization*? 

• "Standardization means setting up standards by 
which extent, iiuantity, quality, value, performance 
and service liiay he gauged**.* In all fields of a 
country’s activities — agricultural, industrial and com- 
mercial " .standardization is of paramount importance. 
Weights, measures, agricultural products, manu- 
factured goods, building materials, hardware, fuels, 
|)aints, textiles, drugs, nay every article that passc.s 
through the hands of the jiroducer, the seller and 
the consumer, need some sort of standardization. 
This standardization applies particularly to industrial 
and commercial products. 

Tracing the develoi)ment of standardization in 
Hngfaiid, we lind that the beginning of industrial 
standards in that country was made by Sir Jo.scph 
Whitworth who in 1841 introduced his standards for 
screwth reads and plane metallic surfaces. 

In 1895 one Mr H. T. Skelton, a London 
engineer and merchant, drew the attention of the 
public to the numerous variety of steel sections and 
the consequent loss to manufacturers and merchants 
through looked up capital in plant and uiiremunera- 
tive stocks. 

In 190T the Council of the Institution of Civil 
Engineers formed a committee of six to draft standard 
forms of iron and steel .sections. This was the real 
beginning of the regular standardization work in 
engineering and industry in l\iigland. 

Standardization work on industrial products 
mainly comprises the following : — 

(r) Standardization of nomenclature and .symbols. 

(2) vSimplificalioii of types and sizes including 
standards set up to secure iiUercbaugcabilily of parts. 

(3) Standardization of the (luality of the materials. 

(4) Setting up of standards for construction and 
workmanship. 

(5) Standardization of machinery and apparatus 
for jnirposcs of comparison. 

(6) Standardization of methods of testing and 
analysis of materials. 

(7) Preparation and maintenance of standards 
for reference work and comparison. 

Products should be standardized so far as is 
consistent with progressive development of manu- 
facturing and should be standardized to the fewest 
I)ractical kinds, sizes and grades. 

Advant.\gks of Standardization 

The various advantages derived from standardi- 
zation need hardly be over-estimated. It stabilizes 
production and employment and reduces cost of 
production as well as the selling price (the latter is 
possible through the reduction in advertising ex- 

* *Encyclopeedia Britannica’. 


Ijcnscs). Since the process of standardization is 
carried on in the light of the latest scientific deve- 
lopment, it eliminates faulty practices depending on 
traditions and accidents, promotes general efficiency 
and acts as a powerful stimulus to research and 
development. It promotes fairness in competition 
and minimizes litigation. It develops healthy foreign 
trade and facilitates the work of purchasing agencies. 
The availability of ready standards for reference and 
comparison promotes industry and trade and makes 
possible a sympathetic co-operation between the 
manufacturer and the consumer not only in one\s own 
coiiiilry, but between country and country, through 
nati<mal and international standardizations adopted 
by mutual agreement. K«r a detailed account of the 
various advantages the reader may he referred to 
'Encyclopaedia Britannica. * 

What aru Sprcifications ? 

The drawing up of specifications constitutes a 
very important part of the work of any standardizing 
organisation. Standardization in its ideal form is 
generally undertaken at the request of industries, or 
by associations representing such industries in a 
country. But in places where these are not pro- 
jierly develoj>ed, the initiative is to be taken by the 
vState itself. There should be vsympathelic co-opera- 
tion between the producer, the consumer, and the 
State in arriving at agreed standards. Physical 
properties, measuremeuls, strength of materials, 
chemical composition, workmanship, details of iiis- 
I)cctioii, tests etc. are stipulated in the form of a 
specification — laying down certain limit.s. isucli 
nationally accepted specifications safeguard purchasers 
by ensuring a generally suitable quality and per- 
forniuiice at a reasonable price. There shouhl not 
be any coercion on the part of the framers of the 
.siKJcifications, and th:* initiative for producing belter 
designs should not be curbed, and for tliis there 
should be periodical revisions of specifications by 
mutual agreement. A specification generally lays 
down the best acceptable performance observed in a 
particular j^roduct, arrived at by comniitlees of 
persons who represent science, industry, business aiul 
also coiismners. 

vStandardizatiou concerns mo.stly with the fixing 
up of conditions for the best performance of a groiij) 
of similar materials. It does not, however, aim at 
ideals, or the production of the best or the most 
costly material. The performance of any article and 
its requirements depend to a considerable extent ^poti 
the place, time and circumstances and conditions of 
its use. For instance, during war time, when articles 
are expected to give maximum available efficiency 
during a limited period and have often to be manu- 
factured with unusual raw materials, the quality of 
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the manufacture may be allowed to vary from those 
stipulated in ordinary specifications. In such cases 
we have what arc called emergency specifications, 
adopted for the time being. Similarly, for different 
climates with different temperature and humidity 
conditions, particular specifications have to be 
modified. So also, in cases where different types of 
raw materials are available for manufacturing a 
certain product, there ought to be a variation in the 
specification to suit the raw materials. 

Therefore, any specification framed for a parti- 
cular product or commodity in a particular country 
may not always be found suitable for anotlier country 
where conditions are different. 

Industrial Standardization Oroanization 

The work of an Industrial Standardization 
Organization can be broadly divided into the fol- 
lowing sections : — 

(1) Actual work on standardizing a product by 
studying the best iierformance of a group of similar 
articles. This involves a consideralilo amount of 
research and investigation work. 

(2) Diawing up of siiecifications in consi|Uation 
with manufacturers, businessmen and consumers. 

(3) Maintenance of standards, e.g., (/) jirecision 
instruments, for measurement of weight and volumes 
and for measurements of units of heat, electricity, 
light, magnetism etc. (//) chcmit'al standards, and 
standard samples of certain finished products for 
reference work. 

(4) Standardization of the methods cjf testing 
and analysis. 

(5) Co-operation in international standardization, 
for promotion of healthy international trade. 

In all industrially and scientifically advanced 
countries, we find two sets of organi/alions working 
separately but co-operating with each other in 
standardization work. 

The first set comprises the various technical and 
engineering Associations uhcrc membership is open 
to producers, busine.ssiiieii, consumers, scientists 
etc., who are interested in the advancement of 
industries and industrial research. Their finances 
are mostly derived from subscriptions from members 
and industries, and from sale of publications. 

Thc.se Associations co-operate willi one another 
and form into a national body which is independent 
of Government, though enjoying its .support. This 
l>ody collects data, appoints committees, and is.sues 
si>ecifications for the benefit of the public. 

The second type comprises Government Depart- 
ments where research and investigation work con- 
nected with scientific and industrial mailers is carried 
out. Standardization work and certain research 
programmes connected with the framing of specifica- 


tions are mostly carried out in these Government 
laboratories. The heads of these laboratories and 
in.siitntions and other nieinbcrs of the staff arc closely 
associated with and rciircsented on the councils of 
the national organizations and collaborate with Ihem 
in framing specifications. 

The British vStandard Institution in Kngland and 
the American Society f(W Testing Materials 
(A.S.T.M.) are examples of the first type. 

The National I'hysical laboratory and Chemical 
Re.search Laboratory, Teddiiigtoii (England) and the 
National Ihireau of Standards, Washington (ILS.A.) 
are examples of the second type. Lnlikc the National 
Physical Laboratory and the Chemical Research 
Laborator\', 'reddington, the National Hiirenii of 
Standards, Washington, frames .si>ecificati<)ns and 
commercial standards on behalf of the United States 
Government. 

A brief account of the working of these stan- 
dardizing institutions in (jreal Britain and in 
America will now appear in wlial follow.s. 

vSTANDARDIZ INC. I N.STITUTIONS 

There are about 21 N'atij)nal Standardizing bodies 
in the British Commonwealth and other foreign 
cemntries. The most outstanding organizations^ in 
the English-speaking couiilries are (i) the British 
Slniuiards Institution, (2) The National Physical 
Lalnwatory, Tedding ton, (3) 'I'lie Bureau of Standards 
of the Department of Commerce, U.S.A. and {4) The 
American .Society for Testing Materials. 

Tin* British vStandards Instituthin 

The British Standards Institution is the National 
vSlaiidardi/.iiig Organization of the United Kingdom 
and it issues the l?ritish Standard Spoeilicalions (B. S. 
Specifications). It is an independent body in the 
closc.st touch with industrial requirements and 
modern technical knowledge, and enjoys the fullest 
Government support but is free from Government 
control. It co-ojicrates with Die Central vSiandardizing 
bodies in the various i>arls of tlie Jiiilisli Common- 
wealth of Nations, is in direct touch with the 
standardizing Ijodies in foreign countries, and parti- 
cipates directly or indirectly in the work of inter- 
national standardization in industrial matters. It is 
a devclopiiieiit of the Ibiginecring Standards Com- 
mittee, which was formed in 1901 by the joint action 
of the different Iiislilutions of Engineers, and con- 
sisted of only eight members.* The British Standard 
Instiliitiou has now more than 700 different com- 


• Out of this C«)nnnittoe was liorn tlie British Engineer- 
ing Standards Assorinlion (IL E. S. A.) wlik'h was sub- 
sequently re-nnnied the British Suiiidarcls Institution. As 
the si)ecilicatioiis issued by the orgaui/ation cover engineer- 
ing subjects (both rbeinical and physical), the change in 
designation was both appropriate and necessary. 
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mittees consisting of scientific men, businessmen, 
industrialists and consumers who give their time and 
experience freely. Many of the research la 1 )oratorics 
and Associations work on certain subjects in close 
co-operation with this Institution, and in many cases 
the results of research thus obtained are expressed 
in the form of British Standard Spccilications. 

The Institution’s funds are mostly derived from 
contributions from the various industries and sales 
of publications etc., but tlie British Government 
together with the Governments of the Domitdons, 
India, and the Crown Colonies contributes liberally. 
Also the various Municipal Corporations and Tech- 
nical Institutions in l{ngland subscribe to its funds. 

It has four Divisional Councils, namely (i) Build- 
ing Divisional Council, (2) Chemical Divisional 
Council, (3) Kngiiieeriiig Divisional Council, and (4) 
Textile Divisional Council. I{ach of these councils 
consist of members representing various interests, 
official and non-official. 

Over these councils, there is a General Council 
consisting of Chairman, Vice-chairman and members. 
A certain number of these members arc mmiiiiated 
by the fcdlowing bodies:-- 

(i) The Board of Trade ; (2) The Department 
of ' Seienlilie and Industrial Research ; (3) The 
National Physical T.aboratory ; (4) The Institutions 
of Civil, Electrical and ^leclianical Engineers ; (5) 
The Federation of British Chamber of Commerce. 
The others are elected by the four Divisional 
Councils to represent their various branches. It ap- 
lK)ints various sub-amiiiiittees for different branches 
of industry and science, and prepares the B. S. 
Specifications. It undertakes iieriodical revisions of 
the specifications if and when necessary. It is also 
eiitru.sted with the work of preparing what are called 
the ‘British Chemical Standards’ for use as standards 
in all chemical laboratories. From time to time a 
number of industries and Associations connected 
with various branches of engineering and indu.stry 
have approached this lastilution for help in their 
standardizing work, and it has attained a sniircme 
position, as the highest standardizing organization 
ill the whole of the British Empire. 

TiIK NATIONAI. PlIYSICAl. LABORATt)RY, TKDDINGTON 

The National Physical Laboratory at Teddington, 
near f.ondon, is the largc.st research laboratory in 
England in physical sciences. Adjacent to it i.s the 
Chemical Research Laboratory, supplementing the 
work done at the National Physical Laboratory in 
the field of chemical research and investigation of 
industrial problems. The National Physical Labora- 
tory was Wnded in 1900, and Subsequently incor- 
porated in the Department <^f Scientific and 


Industrial Research in 1918 after the latter body came 
into existence. 

Its functions are controlled by a number of 
committees e,g., 

(1) The Coininittee for Fundamental Research. 

(2) The Electrical units and Standards Research 
Committee. 

(3) The High Tension Research Committee. 

(4) The Advisory Committee for Metallurgical 
and Engineering Research on Materials. 

(5) The Advisory Committee for the William 
Fronde Laboratory which is concerned with the 
investigation of ship design. 

(-)ne of the purposes for which the National 
Physical Laboratory was founded was *to establish 
and maintain precise standards of measurpment’. 
Even ^ now, out of the funds allotted to general 
research and the maintenance of .standards, more goes 
to the maintenance of standards than to general 
research, thus emphasizing its original role as a 
standardizing institution. A large amount of research 
is carried out on behalf of the Deiiartinent of 
Si'ientific and Industrial Research, and also for the 
benefit of the other Government departments and 
the public. A considerable amount of testing work 
also is carried out in this Laboratory. 

The scientific work of the LalK>ratory is divided 
into eight dejiartinents, c.g.. Physics, Electricity, 
Radio, Meteorology, Engineering, Metallurgy, Aero- 
dynamics, Ship design Laboratory —each of which 
is under the charge of a superintendent who enjoys 
a large amount of freedom in the selection of 
subjects for research. Most of the deparliiieiits con- 
tain .several divivsioiis, eacli under the charge of a 
senior officer wlio in turn also enjoys a certain 
degree of autonomy in matters of research and 
investigation. 

The National Physical Laboratory, in addition 
to carrying out research, co-operates very closely 
with standardizing institutions like the British 
Standards Institution. This Laboratory, though in- 
corporated now in the D.S.I.R. of England and 
carrying out researches 01^ its behalf, still inainlaiiis 
its original functions of testing and standardization, 
and is controlled to a large extent by members 
nominated by the Royal Society and various other 
learned and technical .societies and institutions in 
England. 

In the Chemioal Research Laboratory which was 
opened in 1925, adjacent to the National Phy.sical 
I.aboratory, varied investigations connected with the 
chemical industry are carried out. Synthetic resins, 
paints, low temperature carbonization, high pressure 
chemical woik, corrosion of metals, chemotherapy, 
water pollution are some of the subjects tackled in 
its' various departments. 
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Thk NATioNAr, Buricau of Standards, U.S.A. 

This was established in Washiiijictou, U.S.A. 
in iQoi by an Act of Congress. Its functions arc 
according to the ‘Kncyclopaedia Britannical, ‘the 
develoxnncnt, construction, custody and maintenance 
of reference and working standards, and their inter- 
comparison, improvement, and application in science, 
engineering, industry and commerce*. The Bureau 
is a part of the Department of Commerce, U.S.A. 
Its .services are available without charge to national 
and State (Tovenimeiils, and under certain conditions, 
tests and investigations arc conducted for the public. 
It serves as a clearing house for scientific and tech- 
nical information, and to this end co-operates with 
similar institutions abroad, and with research labora- 
tories in America. In ig^q its regular staff cmLsi.sted 
of Q50 emi)loyces and So ke.search Associates. 

Its work is broadly divided into two sections:-- 

(1) Scientific and technical reseiirch and testing. 

(2) Hslablishmeiit of commercial standards in- 
cluding building and housing specifications. 

Hach is made up of various divisions and 
sections, each section being the working unit dealing 
with some .specific problems. 

Electricity, weights, measures, heat and power, 
optics, chemistry, mechanics and sound, organic and 
fibrous materials, metallurgy, and ceramics are some 
of the ini])orlant divisions in this organization. The 
organization and working of this institution is similar 
to that of the National Physical Uabomtory but it 
appears to cover a greater field in matters of indus- 
trial research, testing and standardization than does 
the National Physical laboratory. 

In addition to tius, there i.s another Standards 
Department in America called the Standard Weights 
and Measures Dcpartnient. Its functions are the 
custody of the federal standards and^ verification of 
k)cal standards, including gas measuring standards 
and flash point apparatus for petroleum. 

The heads of the deparlments of these Oovern- 
iiient technical in.slitntions are officially represented 
on the councils and committees of the various 
standardizing societies in America. 

Thk American Society for Testing Materials 
(A. S. T. M.) 

The American Society for Testing Materials was 
organized in iSgS, and finally incori)orate(l in Tgo2 
as a national technical society. Its .specific purpose 
is ‘the promotion of knowledge of the materials of 
engineering and the standardization of specifications 
and the methods of testing*. 

This is being done by (1) presentation of 
scientific and technical data in the form of papers 
and discussions, and (2)^ through the activities of its 


technical committees ai)pointed to study the pro- 
perties of the various materials. 

The A. S. T. M. prepares the following: — 
(i) current standards, (2) tentative standards, (3) 
emergency standards, (4) iiielh(xls of chemical 
analysis of metals and non-nictals. 

The technical committees are respoii.sible for the 
development of standard specifications and methods 
of testing. I'lie members constituting the A. S. T. !M. 
include:- (i) ]»roducers of raw materials and .scini- 
fiiiishc'd prcxlucts, ^2) coii.sumers of materials, and 

(3) general interest groups, comprising engineers, 
scientists, educationalists, testing experts and research 
workers. 

The funds of this society are mostly derived 
from subscriptions and proceeds of sales of |iiibli- 
cations. The most imiiortaiit part of its works is 
that of .slaiidardization as aiiplied to both methods 
of testing and speciti cal ions for tnaterials of 
ciigincering. A great amount of aiitliontalive data 
are brought out by the society either as an adjunct 
to its standardizatif)n work or as the rc.siilt of indc- 
Vicndeiit researches. It lias about Oo standing coni- 
miltees which include the most outstanding experts 
of the country in their technical fields. On its 
executive committee an? to be found the heads of 
some of the Departments of the National Bureau of 
vStanclards, sometimes as President, or Vice- 
President. 

The Commitlecs to develop siiccificalioiis are 
made up of producers familiar with the limitations 
of the inamifactnring processes, and coiisiiniers fully 
acquainted with the requirements of the various uses 
to which materials arc put. 

Before any standardization is done, some research 
is carried out to obtain the necessary data, and 
collaborative tests are done by initiating a lest pro- 
gramme to supply the necessary information. 

Pkich A. vS. T. M. specification, including 
mctliods of testing, is i.ssiied in the form of ' a 
sci»aratc i»aniphlet on the lines of the B. S. Specifi- 
cations. Blit the standards, tentative standards, and 
emergency standards arc published collectively once 
ill three years as the Book of A. S. T. M. Standards, 
consisting of Metals, (Part T), Non-mctallic Matcrials- 
Constnictioiial, (Part IT) and Non-mctallic Materials- 
Gcncral. In addition, the Society publishes A. S. 
T. M., ‘Methods of Clieiiiical Analysis of Metals’ 
and also of non-metallic materials. 

The Proceedings of the A. S. T. M. include 
rejxirls of various committees, and technical papers 
Ijrescnted before it along with discussions. Special 
conuiilalions of standards on the basis of these pai>ers 
pertaining li) specific industries are also published 
separately. In addition to the above the A. S. T. M. 
iswsues many useful technical publications from time 
to time. 
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Its .s])ecificatio]is have attained as much impor- 
tance as the B. S. Specifications and are also widely 
adopted even outside the United States. 

Knforckmknt of Standards 

It should be added that the institiilions above 
mentioned are not meant to do the policing work. 
This is done by sejiarate Goveriiinent departments 
c.g., the Standard Weights and Measures IX'part- 
iiient of the Board of Trade in the United Kingdom. 
Such standards departments act as the custodians 
of the standards finally accepted by the Government, 
and their functions include, anion^ other thinjrs, 
‘the periodical comparison of these with tlieir parlia- 
mentary copies and verification and re- verification 


of local standards and scale beams for local autho- 
rities and of any standards submitted by other bodies 
in this country or by any colonies or foreign 
countries*. The Department examines and suiier- 
vises over the work of the inspectors appointed to 
inspect weights, niea.siircs, gas meters etc. It also 
issues regulations relating to the verification and 
stanii)ing of instruments, such as weights, to the 
allowable limits and such other things. It .secures 
that these regulations arc strictly, carried out and 
that no infringement of the rules occurs. Similar 
standard departments arc maintained at^ present in 
almost all the leading countries and are to be found 
in Berlin, Paris, Rome, Vienna, Leningrad, Madrid, 
Washington and elsewhere. 


CENTRAL GLASS AND SILICATE RESEARCH INSTITUTE 


fJpilU readers of Sciknck and Cui.turk \Vill recall 
our editorial and contributed article published 
some three years ago* when wo put forward a strong 
plea for the establishment of a Central Scdiool of 
Glass Technology. Following the imblication of 
these articles, the Board of Scientific and Industrial 
Research recommended to the Ooverninont of India 
that a Central Institution for Glass Technology (as 
envisaged in our editorial) .should be established. 
The Government of India, accepting these recom- 
mendations, api)ointed a Committee to advise the 
Council of vScientific and Industrial Research in this 
connection. 'J'he report of the Secretary to the 
Committee (Dr .Alma Ram) as accepted by the Com- 
mittee was considered by tlie (h)verning Body of 
the Council at its recent meeting held at Delhi on 
ist August, KIM, and it is hoped that the much 
needed Central Institute will soon conic into being. 
The Institute is not to confine its activities to glass 
only ; important branches of ceramics, such as 
pottery and porcelain, enamels and refractories arc 
also included in the subjects for study at the 
Institute. 

The report is valuable for several reasons: It 
represents a critical analy.sis of the present status of 
the industry and reveals that de.spitc strenuous efforts 
by the industrialists, it has not made the sjiccta- 
cular advances which glass tecliiiology has made 
during the past 25 years. The position of the indus- 
try is viewed against the background of the glass 
and ceramic indu.stry in the advanced countries of 
the West, particularly the United Kingdom, the 
United Stales of America and German j’, and it ks 
shown that in these countries also the industry 
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during its growth ixissed through an analogous 
phase and that Government assistance and technical 
aid during the pa.st 25 years have led to revolution- 
ary develoimicnts which have placed these counlrics 
at the vanguard of the world’s glass and ceramic 
producing cwintries. The report gives a brief ac- 
count of the varieties of glass and ceramic articles 
and their numerous ai>plicatioiis. The scoj>c for 
post-war development in India is discussed and it is 
shown that if the industry is to take its destined 
place amonjf the major industries, the aid of modern 
technology which should promote every phase of 
glas.s ami ceramic nianufactiire should be enlisted. 
The most powerful factor in the solution of the 
numerous im])edimcnts to devploinueiil is organized 
scientific tcscarch. One of the important features 
of the re|>ort is the inclusion of several imi)ortiiiil 
ajjpendices. The most important of these is the one 
de.scribing tbe nature of work done and the i)art of 
the technical institutions have played in the develop- 
ment of the.se industries. The following lines are 
worthy of note in this connection. 

review of the progress of glass and silicate in- 
dustries (itiriiig tlic past 25 years, reveals that otilstaiuliti.t; 
developments in the industry arc in a large measure due l‘> 
the lalxmr of physicists and chemists who have solved manv 
problems of great complexity. The engineer has broiijdJt 
alx>ut revolution in the production technique by designin.tJ 
automatic and semi-automatic machinery. A combi nut imi 
of these .scientific talents lias made at least glass .'in 
*obedienr metal and porcelain a material of far wider utility ; 
the field open for their utilization is now practically un- 
limited. The notable contribution which these institutions 
have made to the progress and development of these iu<luf’- 
tries is the establishment of the scientific basis of the manu- 
facturing operations. As a result of systematic studies, tin v 
have helped in tlie production of newer types of articles ami 
in improving the exi.sting technique of pniduction. .\l)ov(* 
all, they have provided a band of trained workers and hav." 
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maintained a consistent supply of traine€ personnel which 
is the backbone of modem industries.'* 

The organization of technical institutions con- 
cerned with these industries in other countries 
during the last Great War, has been described in 
some details. It has been shown that how in the 
absence of trained men and specialists pure scientists 
notably Prof. Turner and the late Dr Mcllor (both 
elected Fellows of the Royal Society for tiieir work) 
developed the Department of Glass Technology at 
Sheffield and the Mellor Refractories Research 
Laboratories at Stoke-an-Trent, the leading labora- 
tories in these subjects. We invite the attention of 
those who always advocate the postponement of 
the establishment of National Laboratories in India 
on the plea of war conditions, to those develop- 
ments that took place during the last war in the 
country of our rulers. 'J'hc question of personnel 
for such institutes is another argument occasionally 
put forward against their establishment during the 
war. We reproduce below an extract from our 
earlier editorial. 

"Whenever a proposal is put forward f(»r the organiza- 
tion of such a department, the question regarding the avail- 
ability of expert technicians is invoriably raised. The failure 
to organize such departments with the help of foreign 
experts, whether under Government «ir private bodies, has 
been amply demonstrated. We feel that India will have to 
develop such iiistilutions with the help of her own talents. 
If Turner and Pecdle (Dr I’cdiUe was the first research 
scholar in glass tet'hiiology under Prof. Turner, and ha.s 
lieen largely responsible for the development of optical glass 
industry in Kngland) in Pnglund, Washburn in .'\meriea, 
Keppler in Germany, who started their activities in glass 
and ceramic technology as pure scientists, could dcve.It>p 
leading institutions in these subjects, iliere is every reason 
to believe that capable Indian scientists and graduates with 
industrial equipment will succeed in establishing the much 
needed institution. We should now' shake off our inferiority 
complex and have confidence in the capability of Indian 
talents. >Some people in this country, particularly those in 
high position are cliarnicd with foreign exjicrts because they 
think that like magicians of the Arabian Nights Kntertain- 
iiient they should t)C able to develop an industry overnight 
with minimum of capital and effort. But the experience of 
Indian glass manufacturers in this line has not been en- 
couraging." 

Wc should not always look to oilier countries 
for supplying us the necessary personnel and should 
not also expect them to spare their badly needed 
experts. There is sometimes a tendency to expect 
spectacular results too early and this may have been 
the cause of tli,c premature abandonment of many 
developments. The organization of laboratories 
takes time and after ali the laboratories in other 
countries were not developed in a day. 

Present Position 

The history of the Indian glass industry 
has been discussed in several articles appear- 
ing in our columns. A remarkable feature of 
2 


the industry is that it shows signs of prosperity 
and progress whenever economic up-heavals, such 
as those prevalent during the present war in Europe 
and Japan which have prevented these countries 
from exi)ortiug glassware into India. This is a posi- 
tive proof that the industry has sufficient potentiality 
to meet the needs of the home market and constitutes 
a powerful argument for the grant of tariff protec- 
tion to enable the industry to grow. What public 
support could do for the industry is clearly and un- 
equivocally demonstraled by the prosperity which 
the industry enjoyed during the Swadeshi Move- 
ment of 1930. These considerations make it clear 
that there is nothing inherently defective in the 
industry — but that the industry has never had 
enjoyed a lay spell of prosperity to enable itself to 
overcome the difficulties which have blocked pro- 
grc.ss. The apathy of the Government has contri- 
buted in no small measure to this stagnation. The 
enquiries of the Indian Industrial Commission and 
the Indian Tariff Board have served to confirm this 
view. Both these agencies have pointed in uiiambi- 
gupus terms that the industry needs Government aid 
and that it satisfies the conditions laid down by the 
Fiscal Coinmissiou for I he grant of protection. But 
Government support which would have infused life 
into the industry and retrieved it from the morass 
of stagnation has not been forthcoming. In fact, 
but for the vitality inherent to the industry, a vita- 
lity which in no small measure is due to the natural 
advantage-availability of raw materials, a prodigous 
home market, cheap and efficient labour and the 
tenacity of our manufacturers, tlic industry would 
have died out in the po.st-Orc.'it War jieriod. What 
little has been done for the advancement of the glass 
indu.slry is mostly through non-official agency, such 
as' the Paisa Fund. A stage has arrived when fur- 
ther progress will be achieved only through the 
establishment of one or more research stations for 
the scientific study of the processes of manufacture, 
for laying down specifications and for testing the 
raw materials and finished goods. In fact, the 
Institute is being established with these functions 
which are stated to be: — 

"(I) As an up-U)-ilate Research l^aborabiry where know- 
ledge of the fuiidaiiicntal sciences of physics, 
physical and inorganic chemistry, engineering, 
etc., will be utilised to solve the problems which 
face, the glass and ceramic manufacturers to-day 
and are expected to confront them when com- 
petition from foreign countries w'ill have to ba 
met, 

(2) As a testing and staiulurdisatioii luljoratory, 

(3) As a clearing house foi information and data, and 

(4) Advanced training." 

• 

Requirements of the Industry 
A critical appraisal of the requirements of 
the industry forms a special feature of the re- 
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l)ort. ' It has been pointed out that informa- 
tion about the raw materials of the industry 
is meagre. What we do know is that we do not 
know enough. The question of cfTiciency of fur- 
naces both for batch making and for annealing has 
received very little attention. Furnace building is 
mostly in the hands of inistrics who by training 
and' outlook are conii)ctent to duplicate existing 
furnaces and reproduce all the conditions which 
have made the furnaces wasteful of fuel. Inven- 
tions which have contributed to furnace efficiency, 
which makes all the differences between sticcoss and 
failure, have hardly infiltrated into tlie Indian 
industry. The annealing schedules which vary with 
each tyix! of glass, have not been determined or 
adoptee! with tlie extraordinary result that glassware 
passes through the annealing kilns but withcjut get- 
ting jiroperly annealed. The newer types of articles 
which have extended the range of application of 
glass and porcelain in art and industry, are not being 
produced in the country, even under the stress of 
war. The optical glass for instance, which enjoys 
a high priority among strategic materials, ha.s not 
been produced in India whiclv is a major base of 
military operations in the Pacific War Zone. There 
are other problems, e,g., testing and standardization, 
on which due emphasis lias been laid in the reix)rt 
which can be solved only through scientific research. 

RttSrONvSIBILITY OF THE INDUSTRY 

It is obvious that the mere inauguratioji 
of one or several research institutes will not 
result in spectacular developments in the indus- 
try. The industry should have the will to 
profit by technological developments and it .should 
have the capacity or ability to absorb and to 
put into practice new ideas and dcveloimients 
evolved through .scientific research. The repoj-t 
reveals that there is a w’idespread desire among the 
manufacturers to take advantage of new' develop- 
ments but the capacity to initiate new' ideas and 


new techniques &ii be assured only if trained techno- 
logists are placed in charge of manufacturing opera- 
tions. By reason of the size of the country and the 
magnitude o^the industry, the establishment of. one 
central research and training centre through the 
agency of Government will be totally inadequate. 
There are day to day problems which the industry 
itself can solve and the manufacturers should get 
together and organise co-oi)erative Associations, an 
institution which ha.s produced., such remarkable 
results in the United Kingdom under the active and 
vigilant supervision of the Department of Scientific 
and Industrial Research. If these efforts of the 
Council of Scientific and Industrial Research arc 
supplemented through tariff protection over a stipu- 
lated period so that when the industry is deeply con- 
centrating its atientifin on consolidation and deve- 
lopment, it is not sul)jectcd to the paralysing efforts 
of competition from more advanced foreign countries, 
the industry will obtain a measure of Ijenign assist- 
ance, which will ensure its advancement on sound 
and fruitful lines and give it the necessary strength 
to occupy its destined place to major Indian indus- 
tries of the Post-War period. 

From the financial standpoint, the scheme is 
estimated to involve a non-recurring expenditure of 
about Rs. 12 lacs and a recurring expenditure of 
Ks. 1 lacs in tlic initial stages, increasing 

to about Rs. 3 lacs. In view of the total production 
of these industries being about Rs. 5 crores, the 
recurring expenditure docs even come to one per 
cent. We believe these are very modest estimates 
and in view of the very important part these industries 
arc to play in the future development and in view 
of their present uiisati.sfactory conditions, the Govern- 
ment should provide these funds and the industry 
should also make its generous contribution. Dr Alma 
Ram has done a great service both to the industry 
and the iniblic alike by presenting the case of these 
iiiiIK)rtant industries in a critical and impartial man- 
ner and it is oiir earnest hope that the proposals 
enilM)died in the report will .soon be implemented. 


IMPROVEMENTS OF RICE YIELDS IN INDIA 


S. P. AIYAR 


India compared to Foreign Countries 

average yield of paddy in India is estimated 
to be about 800 lb. per acre’ whereas the yield 
in Japan, Italy, and Spain is about 3,000 to 6,000 lb. 
per acrc.^ One may also quote the phenomenal yield 
of 10,000 lb. i)er acre obtained in the valley of the 
Murrumbridgee River in New South Wales®'*. The 


low yield of India has been the subject of much 
adverse criticism against the Agricultural Depart- 
ments in India. This criticism may be countered 
by a reference to the relatively low yield of rice 
in Java*, a country which is a model of perfection 
in agricultural research. It must also be remem- 
bered that in India rice is grown on vast areas of 
poor land along with good land. 
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It is a noteworthy fact that the yield of every 
crop tends to be a inaximum towards the coldward 
limit of its growth. This statement has been veri- 
fied on a world wide basis by comparison of the 
yields of wheat, barley, oats, rice, inai7.c, potatoes 
and several other cro])s according to latitude.® 
Many reasons may be suggested for this remarkable 
advantages possessed by countries in temperate 
latitudes. These are : 

(a) Industrialization, enabling the liberal use 
• of fertilizers ; 

(b) The practical realization of the fruits of 

advanced scientific research making 
available superior technical skill and 
improved varieties of plants ; 

(c) Comparative freedom from insect pests 

and diseases ; 

{d) Rotation of- crops, made profitable by a 
highly developed ' animal industry ; 

(c) In many cases, protection of agriculture 
by the State ; 

(/) Favourable temperature and light condi- 
tions. 

The last factor is, however, by far the most signi- 
ficant.* That the limitation imposed by latitude is 
a very real one has been verified in Malaya where 
repeated attempts by the research officers failed to 
raise the yield of i)addy beyond about 3,000 lb. per 
acre.’ This result does not mean that no improve- 
iiient is possible in India .• A great deal remains to 
be done, however, before the maximum i»roduction 

can be achieved. 

# 

Ojsnkrai. Link.s ov Attack 
The most valuable contribution may probably 
be expected to come from the plant breeders in 
India. There arc indications of success but the 
possibilities have not been fully explored. The hand- 
some yield of 5,000 lb. i)er acre has been recorded 
at Coimbatore mainly by the use of the improved 
strain of paddy GEB *24.* It appears that the limita- 
tion imt)Osed by latitude may partly at least be dr- 
enmvented by breeding methods. An experienced 
botanist has pointed out that it would be advantage- 
ous if in future the plant breet^er devoted more 
attention to the coarser varieties of rice than to the 
finer rices which now get most of his attention. 

The engineer has important contributions to 
make by providing an adequate water supply to 
supplement the rainfall. It has been* estimated that 
tile minimum .annual rainfall required for successful 
paddy growing without irrigation is about 50 inches. 

The control of insect pests and diseases is likely 
to influence the yield of paddy to an appreciable 
extent. Unfortunately the crop will have already 
suffered before the trouble is noticed and control 


measures are applied. A great deal remains to be 
discovered about the factors ,vvhich prcdisT)ose the 
plant to attacks by insects and fungi. There is 
evidence that the conqiosition of the paddy plant is 
greatly modified by nutritional deficiencies or ex- 
cesses.* An increase in sugar content or nitrogen 
content, for instance, may attract insects and fungi. 
These are fruitful fields of re.searcli and may be left 
to the specialists concerned. 

Discussions of Yield Factors 

As is, well known, yield is a complex expression 
of the effect of all the relevant factors. Until all 
the factors are present in proper proportion niaxinnim 
yield cannot lx; obtained. The tendency to over- 
simplification of llio maiiiirial rc(iuirements of a crop 
is responsible for many of the difficulties involved 
in maximum production. 

An increased yield due to the addition of any 
fertilizer is generally attributed to one of its consti- 
tuents. This assumption may be correct in a majo- 
rity of cases but in a fertilizer such as iimmoniiim 
sulphate the secondary constituent, sulphate, wall be 
effective when there is a sulphate deficiency in the 
soil. Obviously cheaper substitutes such as gypsum 
or sulphur w’ill be equally effective in a case of 
sulphur deficiency. The expensive constituent nitro- 
gen would therefore be wasted in this case and when 
emphasis is ]>laccd on the nitrogen only, the practical 
man expects results by the use of other nitrogen 
fertilizers and confusion arises when he fails to obtain 
an increase in this way. 

Again, when a fertilizer produces no effect on 
yield it is commonly assumed that the acldeik clement 
in the fertilizer is not re<iuircd by the plant and that 
the soil is well .supplied with this clement. Very 
often, however, the added element is not effective 
due to the unsuitable form in which it is applied, 
intensive absorption by the soil or assimilation by 
inicroorganisiiis, or again due lo the deficiency of 
.some other factor such as v^■atcr supply, humidity, 
minor element, and so on. In fact, a negative result 
in manuring should not induce comi)lacency but 
slioyld .serve as a stimulus lo further research. 

One of the chief reasons for the unsatisfactory 
position in India in resi)ect of information on manur- 
ing is the fact that most of the work is done on the 
trial and error basis by propaganda officers wath 
emphasis on the economic aspects only. Most 
nianurial trials appear to have lieen restricted to 
nitrogen and phosphoric acid used in the form of 
co]ni)ounds with .straightforward composition but 
often camouflaged under fancy names. Rock phos-. 
phate, for instance, is generally quite ineffective, and 
yet numerous trials are made with it merely because 
it is marketed under different names. It appears 
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that agricultural chemists in India arc merely called 
upon to analyse samples of soils, fertilizers and the 
like, and perhaps asked to tender “advice**. The 
ordinary cultivator rarely asks for advice partly due 
to lack of education and partly due to lack of faith. 
One may imagine the position if, say, a thousand 
ordinary cultivators are asked for departmental advice 
every year in regard to the manuring of their fields. 

The author strongly believes that agricultural 
chemists should devote more attention to actual plant 
growing experiments and to a study of the comi 3 osi- 
tion and abnormalities of the crop. This work 
should he done purely from the scientific standpoint 
as distinct from economic consideration. When a 
chemist reports that a soil contains a low percentage 
of, say, phosphoric acid, it is his duty to discover 
whether the plant growing in that soil suffers from 
any abnormality .and Avhethcr the application of phos- 
phoric acid corrects the trouble. Further, if the 
treatmetit d(K*s not succeed it is also his duty to dis- 
cover the reasons for the failure and to prescribe 
additional or alternative .treatments. Field demon- 
strations may then be taken up in collaboration with 
the District Officers. 

The various factors likely to modify the yield 
may now’ be considered. 

(a) Effect of Light and Temperature. --Although 
experiuieiital control of these tw’o factors may not 
be practicable in the field it is necessary to take note 
of them as important factors modifying the yield of 
paddy. The number of sunshine-hours during the 
growing season appears to be a varietal constant in 
paddy. Moreover, paddy is very sensitive to the 
length of day and, in most ca.ses, flowering is abso- 
lutely controlled by the factor. In view» of this 
phenomenon the selection and breeding of varieties 
must be suited to the light conditions of different 
localities, particularly the length of day. 

High as well as low temperatures may be harm- 
ful to paddy. The standing water in a paddy field 
may easily attain a temperature of 50^—60® during 
the day, especially in irrigated areas. A low tem- 
perature reduces tillering and may prevent flow^ering 
but the effects depend on the variety grown. 

(b) Effect of Water Supply,— The water require- 
ment of the paddy crop is often reported but it does 
not appear to have been put to any use. A depth of 
4-6 inches of water in the held seems to be sufficient 
for most varieties of paddy. The standing water 
maintains the soil in proper condition for the crop 
and also controls the weeds. An important function 
of water in the paddy field is to maintain a high 
humidity in the atmosphere which has been .stated 
to be essential for proper pollination in paddy.*® The 
question whether a field can produce one crop or two 
crops of paddy depends ultimately on the available 
water supply. 


(c) The Soil Factor, — ^Apparently paddy is very 
tolerant of physical conditions in the soil, llie main 
requirement is the ability to retain water. Clay soils 
are therefore preferred for paddy, though there is 
the possibility that heavy soils are slow to dry out 
and may thus delay the ripening of the* crop. 
Sandy soils may be used for paddy growing in regions 
of high rainfall but such soils should at least have 
an impervious subsoil under irrigated conditions for 
economic reasons. Occasionally it is .suggested that 
drainage is Cvssential in paddy soils and that crumb 
structure is important. These claims seem 'to be 
unwarranted in view of the fact that paddy fields are 
deliberately puddled to render the soil waterproof. 
The slow surface movement of the water has also no 
advantage ap])arently. 

Soil reaction of a very wide range is tolerated 
by paddy. Reports from Japan claim that paddy 
prefers a fairly acid soil.'* In Sierra Leone paddy 
thrives at a high acidity.'® On the* other, hand, in 
the Punjab and elsewhere paddy grows well at re- 
actions exceeding pH 8'o.* In water culture the 
optimum />H depends on the composition of the solu- 
tion, particularly on the relative proportion of ammo- 
nium and nitrate-nitrogen. Liming is sometimes re- 
commended for paddy soils of an acid nature but 
from the limited information available on this 
problem in India liming is not likely to be useful 
to the paddy crop even on fairly acid soils. It may 
be of interest to note that liming of paddy soils was 
put under Government control in Japan to prevent 
indiscriminate liming.*® 

The limit for salt content of the soil whicl^can be 
tolerated by paddy is not known with certainty. The 
effect of chlorides has received some attention'®* 
but the low yields sometimes ob.served in presence of 
chlorides may have been due tp a deficiency of sul- 
phate. The paddy soils of Sierra Leone contain fair 
amounts of chlorides whereas w^orkers in Hawaii 
have reported that chlorides are highly toxic in fairly 
low concentrations.*® No injury seems to have 
resulted in an experiment in which paddy was treated 
w'ith potas.sium chloride at 1,024 lb. per acre of soil.” 
Such divergent views may probably be reconciled 
if the available sulphate content of the soil is also 
taken into account. 

id) The. Elements of Nutrition, — ^The plant 
depends on the soil for about eleven elements, some 
major and some minor in regard to the quantities 
required. In spite of this varied requirements, it 
appears that t&e principal demands of the crop are 
for nitrogen and phosphorus only. 

The main facts in regard to the nitrogen manur- 
ing of paddy are that; this crop prefers ammoniacal 
nitrogen to fhe nitrate form, that no nitrification 
occurs in the paddy field, and that added nitrate may 
be lost by leaching or denitrification. Of the nitro- 
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genous fertilizers ammonium sulphate is the most 
outstanding in its effect while the other chemical 
ammoniates, such as ammonium chloride, ammonium 
nitrate, urea, cyanamide, ammonium bicarbonate and 
others, are poor substitutes for. the paddy crop. 
Apparently the sulphate radical is responsible for the 
superiority of ammonium sulphate.'* This observa- 
tion is suptK>rted by the fact that urea mixed with 
gypsum has given results as good as those given by 
ammonium sulphate.'* The organic atnmoniates 
a.g., oil cake, blood meal, green manure and farm 
yard manure are fairly satisfactory but definitely 
inferior to ammonium sulphate. Nitrates like sodium 
nitrate and calcium nitrate are of little use in the 
field as they are easily lost by leaching, apart from 
the fact that they do not supply any sulphate." 

The nitrogen content of a normal paddy plant 
tends to be constant at maturity but the actual 
percentage of nitrogen seems to be of a varietal 
character. There are thus high nitrogen and low 
nitrogen paddies. The yield of paddy decreases with 
increasing nitrogen content of the plant at maturity 
in any one variety. 

A deficiency of phosphoric acid causes the deve- 
lojnnent of certain abnormal features in the paddy 
plant. Tillering is controlled partly by nitrogen and 
partly by phosphoric acid. 

Phosphate fertilizers are either water .soluble like 
superphosphate or insoluble like bone meal or rock 
phosphate. There are also many other .forms. 
Superphosphate is universally applicable^ whereas 
bone meal is useful only on acid soils with fair 
amounts of clay. Rock phosphate is quite worthless 
as a rule. 

Potassiuin doc.^ not form any compounds of bio- 
logical significance within* the plant but functions 
mainly as a catalyst. Apparently limited amounts 
may suffice as the mobility of potassium within the 
plant permits repeated re-utilization of the quantity 
absorbed.^ Acute potassium deficiency, which may 
be induced by excess of calcium or undecomposed 
organic matter, or repeated treatment with fertilizers 
containing nitrogen and phosphoric acid only may 
cause abnormalities in paddy but tillering is not much 
affected. 

It is a remarkable fact that potash manures are 
generally ineffective throughout the tropics even for 
potash loving crops, whether the potash is applied 
alone or in combination with nitrogen and phosphoric 
acid. The inference that tropical soils are well 
provided with potash cannot, however, be justified 
from soil analyses. There must be a general reason 
for the failure of potash to become effective in crop 
production within the tropics aiid further research 
is necessary before this problem can be solved. 

In the study of paddy, sulphur has not received 
thi^ attention it deserves. . Like other plants paddy 


can utilize only siil])hatc us a source of sulphur. 
Under paddy field conditions sulphate is completely 
reduced to .sulphide, or other forms so that deficiency 
of sulidiatc must be more widespread than is com- 
monly suspected in the case of the paddy crop. It 
may be suggested that complete starvation is probably 
prevented by the existence of secondary reactions. 
The sulphide may react witli ferric iron giving rise 
to ferrous sulphide which, as is well known, can 
undergo rapid oxidation to ferrous sulphate from 
which the paddy plant may obtain both iron and 
Sulphate. The oxygen reciuireil for the reaction is 
probably produced by the action of algae. The vague 
claim that paddy roots require aeration would thus 
receive scientific sup]>ort. 

Calcium and magnesium probably [)lay important 
rfilcs in the nutrition of paddy but i>recise iiifonna- * 
tion does not exist. Magnesium has been repeatedly 
mentioned as specially significant for paddy but field 
evidence is almost non-existent. 

Among the minor elements, iron, manganese, 
boron and copper appear to be essential. Excess of 
manganese is known to l>c toxic. Boron and copper 
are also very toxic exceijt in traces. Root formation 
is almost completely suppressed by small amounts of 
copper in water culture. The claim that manuring 
the crop with copper sulphate gave increased yields 
must be accepted with reserve. In any case the soil 
must have protected the crop against injury from 
copper. Zinc, molybdenum, and cobalt have been 
found to be useful for certain crops but their signi- 
ficance in regard to jiaddy remains to be properly 
investigated. 

(e) Varietal Response , — Manuring practice must 
take note of the varietal character. Some varieties 
respond more than others to manuring. There is at 
present little information on this subject in India. 

if) Agricultural Practices, -—There arc many prac- 
tices associated with paddy cultivation. Tlie practice 
of transplanting is alino.st universal. Among others 
one may mention the rab system, silting, burning 
the .stubble, ratooniiig, encouragement or su])prcs- 
.sion of algal growth and so on. However, these are 
of limited significance and are generally restricted to 
certain localities. There is no uniformity even in 
such imi)ortant preliminaries as ploughing and prepa- 
ration of the lan^. It has been claimed that early 
transplanting, double transplanting, and harrowing 
the crop have given increased yields of paddy. 

Recommendations 

The above summary is not complete in every 
respect but it covers a wide field and indicates the 
lines for further research. At present, however, the 
main problem is to adopt practical measures. One 
may recommend the use of high yielding varieties, 
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the provision of ac1ef|uatc water supply and the inten- 
sive use of fertilizers. The difficulty in adopting 
these suggestions is the inadequate supply of each 
of the items required. 

Even assuming the simplified fornuila that much 
improvemciil in the yield of paddy is ix)ssible by the 
use of ammonium sulphate and superphosphate alone 
one is faced with the problem of supply. If every 
sulphuric acid plant in India were to divert its total 
production of acid to the manufacture of super- 
phosphate from bones for 2 or 3 months a large 
stock may be accumulated. Ammonium sulphate is 
a more difficult problem as the existing Indian re- 
sources are quite small. Substitutes, such as oil 
cakes, may be useful but, in the author’s view, can- 
not adequately replace ammonium sulphate. 

The quantity of fertilizer to be applied must 
be adequate for the purpo.se in view. The minimum 
rate of application should be between 40 and 80 lb. 
of nitrogen and phosphoric acid per acre, preferably 
in the form of ammonium sulidiate and superphos- 
phate. respectively. It will be useless to apply 
smaller doses over a wider area if increase in yield 
is the paramount consideration. It must also be 
mentioned that manauring the seedbed is of doubtful 
value for increasing the yield of crop. 

While such temporary war time measures are in 
progress fundamental researches should be initiated 
to discover the full facts about paddy nutrition and 
fill up the numerous gaps in our knowledge of this 
.subject. The time is opportune, as war conditions 
have brought into prominence the insufficient food 
supply in the country and the weak position of the 
rice eating areas. It is hoped, therefore, that funda- 
mental researches would receive encouragement and 
adequate financial support. 

♦ 

CcjNCtUDlNO UKIMARK.S 

111 conclusion, attention may be drawn to the 
need for iinjiroving the methods of carrying out agri- 
cultural experiments. At present experiments arc 
laic! down on farms and .sometimes on cultivators’ 
fields w'itliout regard to the soil. A great deal of 
trouble is ta1^ to satisfy the statistician on the lay- 
out, and the si^^ficance of any differences produced 
by treatments is worked out with care. These 
are, of course, n^ssary details in every exiieri- 
ment. The results\o^fa^''®^ however, of 

limited aiiplication andVjiiay not hold good on soils 
outside the plots actualm tested. Field cxiieriinents 
could be made more rational and capable of belter 
generalization by paying attention to the soil. There 
is now apparently a deep Icooted but erroneous idea 
that one soil is much like anlPfi^^r- As typical of this 
attitude one finds in a recent \b«lletin on the manur- 
ing of paddy published by the\ I- C. A. R. that the 


results of an expcriincnt carried out at Pattambi 
Farm arc assumed to hold good for the whole of 
Malabar. It will be manifestly absurd to assume 
that Nagina represents the whole of the U. P., or 
that Sabour represents the whole of Bihar. To over- 
come such handicaps 'a soil map is absolutely essen- 
tial. This map must be based on the results of 
a genuine soil survey undertaken to demarcate the 
boundaries between pcdological soil types identified 
on an objective basis. Unfortunately such a map 
does not exist at present owing to lack of data and 
it may be many years before this hiap takes shape. 
A limited number- o( experiments conducted on each 
soil type can serve to generalize the information for 
that soil type. The position of a field may be easily 
identified on the soil map and it is then a simple 
matter to advise the cultivator on the manuring of 
his field. 

There is another aspect of the soil which must 
receive attention. Every soil on wdiich field experi- 
ments are being planned should be tested to discover 
the full manurial requirements. This step is carried 
out partly by analysis of the soil and partly by pot 
experiments which should include not only the usual 
N, P, K in all combinations but also other signi- 
ficant elements, such as sulphur, manganese and so 
on. The treatment rate should be fairly high for 
major elements, c.g.. So lb. 1 ^ 0 * per acre. The 
cro)i should be analyzed to secure additional infor- 
niation^ It must be emphasized that a i)ot experi- 
ment is economical and can give reliable qualitative 
infonnatioii on the elements that may have to be 
added as fertilizers. Again, new fertilizers and 
fancy fertilizers are ])est testetl in pots for the sake 
of econoniy. Pot expcrimcnls have been very suc- 
cessfully employed by the author in tracing the 
causes of certain physiological disorders of paddy. 

Much of the antagonism to ]>ot experiments is 
derived from unsiiccessl*;:! but unjustifiable attempts 
in the past to apply these (jualitative results to the 
field without any mo<lification. In fact field cxi)e- 
riiiients are essential to demonstrate and supplement 
the practical value of the information obtained by 
lalwratory and i)ot experiments. Having estab- 
lished the manurial requirements .for any given .soil 
tyi)e, field experiments should be carried out at 
different centres on that soil type to determine the 
dosages required to produce maximum yields. The 
same ijrocedure will have to be followed for every 
other soil type. 
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THE HERBARIUM* 
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' Introduction 

^‘ncrbariuni* nieans a collection of dried 
plants or a book containing such pres.sed plants 
and also a place where such a collection of plant mate- 
rials are kept. The word ‘Herbarium* used in the 
modern sense makes its first appearance in print 
in Pitton de Tournefort’s Elements of 1694. 

The herbalists are considered as the first to re- 
cognize the use of dried plants in dealing with 
herbs for niedicinal puriK)scs. This is the utilitarian 
standpoint of studying plants. The other standpoint 
from which the plants were studied in ancient times 
was philosophical as revealed in the writings of 
Aristotle and Theophrastus. In India records of 
such H study can be traced from the scriptures and 
treatises on niedical science written by the sages of 
great antiquity about 2500 years ago.' 

In Europe the work of the herbalists can be 
traced to 1470 and evolution of the herbals ended in 
about 1670 when came the period of renaissance in 
botanical studies in Europe. The botanical science 
from this time gradually develoi)ed on modern lines 
and made rapid progress during the last two centuries. 

The collections of dried plants hold unique iiosi- 
tion towards advancing our knowledge of plants, al- 
though we owe a deep debt of gratitude to certain 
branches of arts csi)ecially printing and wood engrav- 
ing of the fifteenth and sixteenth centuries or even 
earlier. The draughtsman and engraver, indeed, did 
more than merely dessiminatc existing knowledge. 
They lent the botanist their acute and highly tfained 
pow'crs of observations and their work must often 
have revealed to him much of what he would never 
have seen without their help. Before the existence 
of herbarium 'and the discovery of the art of printing, 
the herbal tradition in the study of plants passed 
through a period of 2,000 years from the Hindoo 
sages and savants to Krateus, the Greek to an old 
woman ''poring over her well-thumbed picture book 
in an English village.” 

* > Origin of Hkrbarium 

• The origin of the herbarium can be traced to 
the Italian t^tanist Luca Ghini who in 1490 and on- 


wards was the sole initiator in the renaissance period 
of the art of herbarium making. His method of 
preparation of pressed plants was then dessiminated 
over Europe by his impils.. Luca Ghini was professor 
of Bologna University and worked at Pisa for some- 
time. He sent dried plants gummed upon pafier 
to Mattioli in 1551. lie possc.ssed about three hun- 
dred pressed specimens at that period. This collec- 
tion which must have existed long before 1551 was 
lo.st to science, but Luca Ghini *s pupil Gherardo 
Cibo began to collect at least as early as 1532. Among 
the earlier collectors who possessed herbarium arc 
John Folcoiier (1553) who travelled in Italy and evi- 
dently learned tlie method of preparing herbarium 
specimens from Ghini and Turner, Aldrovandi and 
Casalpiuo, the three Ghini*s pupils, who made good 
herbarium at this period. Aldrovandi was th^ first 
to aim at a collection of dried plants of the whole 
world. The herbarium 'of Felix Platter is of great 
value. Ranwolf cstabli.shed a herbarium in Leyden in 
1576. 'I'he value of the herbarium specimens as a 
source of pictures of plants of distant parts of the 
world was soon realized from this lime when the 
word herbarium meant generally a book of plants or 
Flora exsicala. 

In such an early time Mattioli mentions even the 
practice of soaking dried plant materials for examina- 
tion and sketching in order to restore their natural 
appearance. ''Information about the making of her- 
baria must have transmitted by word of mouth alone 
for more than seventy years, for it was apparently 
not until the publication in ibo6 of Adrian vSpieghePs 
'Isagoges*, that detailed instructions for forming a 
collection of dried plants became available in print. 
Spieghel, a native of Brussels, finally occupied the 
chair at Padua, hi his 'Isagoges*— a general treati.se 
on botany — he explains the method of pressing be- 
tween sheets of good pa])er under gradually increa.s- 
ing weights and notes that the plants must be 
examined and turned over daily. ''When they are dry 
they are to be laid upon inferior paper C'charta 
ignobilior”) and, with brushes of graded sizes, 


* Published by courtesy of All India Radio. 
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painted with a special RUin, for which he Rives the 
recipe. The i)lants arc then to be transferred to 
sheets of \Vhite paper ; linen is to be laid over them 
and nibbed steadily until they adhere to the paper. 
Finally the sheets arc to be placed between paper, 
or in a book, and subjected to pressure until the 
gum dries.** ' ' 

It is interesting to note that the tcchniciue of 
herbarium making adopted three hundred years ago 
is more or less followed even in the present time. 
*J'he science and art of preparing herbarium speci- 
mens however has reached a very high standard in 
these days and various methods and recipe for treat-, 
iug different kinds of plants have been suggested by 
various workers in different herbaria. The methods 
of collection and i)reservation of plants has been 
dealt with exhaustively by G. N. Johii.son with a 
foreward by Prof. K. I). Merill, of the Harvard Uni- 
versity and Director and Administrator of the New 
York Botanic Garden and Herbarium in the Arnold 
Arboratum. This treatise entitled the preparation of 
botanical spcciiiicn.s for the herbarium was published 
by the Arnold Arboretum of Harvard University 
in I93Q. It would be too long to discuss the 
.subject here but one point I must impress 
upon the botanists and amateur collectors that 
in all ca.scs complete materials should be gathered 
for identification and study of a plant. By 
comiilete material 1 mean the whole plant with 
flower^s and fruits, where possible, or at least a por- 
tion of the plant with flowers, fruits and vegetative 
parts all in tact. Sterile material is useless for her- 
barium purposes and proves difficult if not almost 
impossible, for the purpose of definite determination. 

In a modern herbarium is deposited in classified 
order complete collection of dried plants of a country 
or different countries of the world. On the .sheet of 
herbarium specimens are noted the specific name of 
the plant, the name of the locality with elevation 
from which it has been collected, the habitat of the 
plant, the name of the collector and the date of col- 
lection, the period of flowering and fruiting and other 
remarks regarding the ecological conditions and eco- 
nomic value of the plant and so on. The value of 
the herbarium lies in possessing type and co-type 
.sheets, that is, the original .specimens of the dis- 
coverer of the plant and authentic duplicates of the 
same. In India such sheets are available only at the 
herbarium of the Royal Botanic Garden, Calcutta. 

The Work of the Curator of the Herbarium 

The officer-in-charge of a recognized herbarium, 
such as the herbarium of the Royal Botanic Garden, 
Calcutta, is called the Curator or the Keci^er of the 
herbarium. The curator must be a botanist with 
special knowledge in systematic botany and taxo- 


nomy and should have sufficient training in large 
herbaria and experience of the work done in the 
leading herbaria of the world with whom he has to 
.communicate regularly in connection with the scien- 
tific aspect of his work. The curator's daily work 
is to keep constant watch and attention to the 
preservation and maintenance of the herbarium 
specimens. This task is really exacting when the 
herbarium is situated in the tropical atmosphere, 
liach sheet of specimen requires very careful hand- 
ling so that a specimen preserved for hundreds of 
years may not be damaged and thus lost to science. 
The specimens in a damp climate require also fre- 
cpicnt treatment with prescribed chemicals in solution 
or in powder form to keep off the attack of insects 
and moulds. The herbarium building must-be pro- 
perly ventilated and should not be too hot and too 
moist although a little moisture is required for 
keeping the .specimens properly stretched and glued 
on the mounting paper. Too dry atmospheric con- 
dition makes the specimens brittle and susceptable 
to drop off the sheets. The main scientific work of 
the herbarium is identification, loan and exchange of 
materials, supply of various information on the occur- 
rence, distribution, nomenclature and uses of the 
plant sent for examination and, last but not least, 
the resjearch work in systematic botany. The work 
of identification is by no means less arduou.^ than 
the other items- of work. As soon as a plant is 
received it is recorded in the register and handed 
over to the expert .comparer after ascertaining the 
family to which it belong.s. The herbarium assistants 
then match the specimen with the one which comes 
close.st to it. The curator then has to examine the 
descriptions, illustrations of the plant matched and 
then declare the name of the plant. The name again 
requires often to be modified in the light of the 
International Rules of botanical nomenclature. Speci- 
mens are exchanged with the various herbaria. 
Photographs of types and co-type .sheets are sent 
with critical notes and observations on the systematic 
position of the species of plant to different workers 
in the various parts of the world. Acquisition of 
.specimens by exploration of unknown and little 
known areas, writing of floras based on collected 
materials, ecological study of the vegetation of a 
country or part of a cduntry, survey and analysis of 
the flora with a view to silvicultural, arboricultural, 
horticultural, agricultural and plantation purposes, 
preparation of regional vegetation maps and so on 
are some of the important items of work which de- 
volves on the scientific officers-in-charge of a her- 
barium. On their work depends the advancement 
of botanical studies in the universities and researches 
on pure and applied aspects of botany. The lattS* 
aspect of investigation is of great importance in com- 
mercial and industrial development of a country. 
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In the different cities of Kurope more than 
twenty herbaria are preserved which were formed or 
at least begun in the sixteenth century. In India the 
oldest herbarium was formed by William Roxburgh 
m the end of the r8th century soon after the founda- 
tion of the famous Royal Botanic (larden, Calcutta, 
in the year 17S7 by Col. Robert Kyd. The other 
important herbaria are llic Madras Herbarium at 
Coimbatore (1S74), the Herbarium of Economic 
Botanists at Poona, Bombay Presideni;y (1880), the 
Forest Herbarium of the Imperial Forest Research 
Institute at Dehra Dun (1890) and the Shillong Herba- 
rium of the Forest Department of Assam which was 
started systematically by the late Rai Bahadur U. N. 
Kanjilal of the Forest Service. All these are how- 
ever daughter herbaria which were fostered in the 
early days by the Herbarium at Calcutta in various 
ways and still receive collaboration in their floristic 
and other work relating to scientific problems. Many 
leading herbaria in Europe and America also receive 
help and co-operation in the nature of exchange of 
specimens, loan of specimens, t)resentation of spe- 
cimens and preparatir)!! of floras and in connection 
with their various floristic and taxonomical investi- 
gations. There are herbaria attached to the different 
universities in India and other countries of the world; 
but inost of these are meant for teaching purposes. 

In the scientific arrangement of the specimens 
different systems of classification are followed in the 
different herbaria of the world. The Govern nignt 
herbaria in the British Emiiire generally follow the 
classification of Bentham and^ Hooker, as laid down 
ill their Genera PlaiUarum (1862-93), but in the Con- 
tinent many modern herbaria generally adopt- the 
system of classification as outlined by A. Eiiglcr and 
E. Gilg in their syllabus der Pflanzen Familien (1924). 
Most of the universities also follow- this highly 
evolved natural .sy.stem as it is considered the best 
with regard to its masterly treatment of the families, 
genera and species and their affinities under different 
classes of idant kingdom from the simplest to the 
most highly advanced forms of plant life. 

An ideal herbarium must have an equally good 
library along with it, and it is essential that it should 
be associated with a botanical garden for the culti- 
vation of 'as many species as possible in order to 
study the range of variations in a plant under living 
conditions. The Herbarium of the Royal Botanic 
, Garden, Calcutta, and the Herbarium of the Royal 
Botanic Garden, Kew, fulfil really all the conditions 
of a perfect herbarium, and they are the source of 
botanical information in the East and the West. The 
Herbarium of the Royal Botanic Garden, Calcutta, 
bears a close similarity to the Kew Garden, ^le largest 
botanical garden, but younger than the Calcutta 
Garden by fifty years. There are in the Royal 
Botanic Garden, Calcutta about 15,000 plants actually 
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under cultivation in the open in its respective regional 
divisions. In addition to this living tropical collec- 
tion of plants, the Lloyd Botanic Garden, Darjeeling, 
represents more than thousand temperate plants and 
possesses more or less a complete U)cal herbarium. 

The library contains more than 25,000 volumo.s, 
juinierous pamphlets and tlie most Naluable set 
of about 2,500 magnificent large portfolio size 
coloured illustrations of the Indian plant.s 
bound in 35 volumes. These plants arc des- 
cribed by Roxburgh in his flora entitled 
“Flora Indica’* on which all sulisequent Indian 
floras are more. or Ic.ss ba.scd. This Roxburgh’s 
leones, as it is called, is perhaps the only complete 
set of its kind in the world. Other cqnall»valuable 
])aiiitings of Indian plants and documents of famous 
botanists are carefully preserved in the vSibpur Her- 
barium building, the sanctuary of botanical science 
in India. 

The present «lanip-proof and fire-proof bnilding 
especially designed to house nearly two ami a half 
million authentic sheets of herbarium specimens 
which form the basis of all biitanical and allied inves- 
tigations was erected in 1885. In this herbarium 
all these precious sheets (Consisting of irreplaceable 
types, co-types, Icclo-lypes, eco-types, etc., are 
arranged in proiier scientific order. The herbarium 
is thus the depository of a very eoin]»lete collection 
of the dried materials of plants of the whole of Indian 
Fhnpire as also fair collections of those (ff Asia out- 
side India, of Europe and Australia.' Plants of 
Africa and America are partly represented. For the 
systematic botanists, forest officers, herbalists, drug- 
gislit, pharmacologists, industrialists and others inter- 
ested in plants, this herbarium is the most iiiterest- 
iiig and valuable spot in Asia. This is the only place 
for botanical investigation of its kind in India and 
is recognized as the fiest lierbariitin not only in India 
but also in the East by the international l)otunical 
organization of the world. This herbarium is, as 
the late Sir Arthur Hill, Director, Royal Botanic 
Garden, Kew, remarked, “the Mecca for the study of 
Systematic Botany by botani.sts not only in India but 
from overseas.” It will be interesting to note here 
what Sir Richard Temple, a Lieutenant Governor of 
Bengal said on the utility of a herbarium as early as 
1870. 

“The collection is and will ahvays be most 
u-scful in dealing with questions regarding the 
naturalization of plants, the introduction of new 
" vegetable products into the country, the adaptation 
of raw produce to the growing re(iuircmeuts/ff manu- 
facturing industry, the managcinent of the forests 
and 9 ie .scientific improvement of Agriculture.” 

Introduction of quinine, rubber, iiiccacuanha, 
various timtier trees, fibre and oil yielding plants and 
ottier plants of great economic value is mainly due 
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to exploration by tlie scientific officers of the Her- 
barium of the Royal Rolanic Garden, Calcutta. 

The Herbarinin and tlie Royal Botanic Garden 
have thus served the mankind for an unbroken period 
of more than a century and a half. It is therefore 


quite natural that the Indian botanists declared in 
1Q38 at the Silver Jubilee session of Indian Science 
Congress held in Calcutta that the Herbarium of the 
Royal Botanic Garden, Calcutta, should be the 
National Herbarium of India. 


THE LATE PROF. K. S. K. IYENGAR 


^IlE sudden and unexpected death from pneumonia 

of Prof. K. S. K. Iyengar on 23rd June, 
IQ44 at Mysore came as a shock to all those who 
knew him and his work. The event is all the more 
tragic as Professor Iyengar was only 45 and at the 
height of his powers. My pnrpo.se in this note is only 
to pay a personal tfihutc to one of India’s most dis- 
tinguished mathematicians. For further details about 
Iyengar’s life and his research work in pure mathe- 
matics, which was after all the main subject of his 
■ life, I refer the reader to an obituary in the Proceed- 
ings of the Indian Academy of Sciences (June, IQ44), 
of which Iyengar was a Fellow. 

Kombur Sesha Iyengar Kuppuswamy Iyengar 
war born on the 2gtli August, 1899. The foundations 
of his mathematical education were laicT at Central 
College, Bangalore and later at Presidency College, 
Madras, where he passed the Honours Examination 
of the M.Sc. degree with distinction in 1920. Having 
shown unusual mathematical ability he was sent by 
his iiarents to study mathematics at Cambridge, where 
he pas.sed the Mathematics Tripos as a star wrangler 



Prof. K. S. K. Iyengar. 


ill 1924. In Cambridge he met Prof, hittlcwoo^and 
came under the influence of the great mathematical 
tradition of that Uni\'ersity. Prof. Littlewood aijd 


the other mathematicians with whom he worked at 
Cambridge thought very highly of him, and he 
appears to have won their respect by his “genuine 
enthusiasm for mathematics” and “high ability.” 

1 first met Iyengar in 1940 when I came to the 
Indian Institute of lienee. Bangalore. He was the 
head of the Department of Mathematics of the Univer- 
sity of Mysore which is housed rft the Central College, 
Bangalore. He was appointed to, this post in 1926 
on his return to India from Cambridge. That this 
department today is one of the be.st centres of mathe- 
matical teaching in India is due in no small measure 
to Iyengar’s active enthusiasm and wide knowledge 
of different branches of mathematics, and to the ex- 
cellent group of able young mathematicians that he 
collected around him. He followed closely the latest 
developments in mathematics and I remember well 
the cuthusia.sm with which he spoke about the re- 
markable school of modern Russian Mathematicians 
juid the new nicthbds they had developed. 

It was early in 1941 that I took up again with 
S. K. Chakrabarty the problem of giving a better 
treatment of the cascade theory of cosmic ray showers 
than had been done hitherto. Members of the stalT 
of the Central College, including Prof. Iyengar par- 
ticipated in our colUxiuia and it was at this time that 
I put forward to him the problem of finding an e.xact 
solution of the fundamental equations of the cascade 
theory. The problem involves the soluticAi of a rather 
complicated integro-dilTerential equation. Hitherto 
only partial Solutions of this problem, fairly accurate 
for high energies, had been given. In all these solu- 
tions the collision loss suffered by the cascade elec- 
trons, which is vital for the absorption of tKe show'er, 
had either been neglected altogether, or treated by 
such defective mathematical approximations as to be 
worth little. This neglect completely prevented a 
calculation of the low energy spectrum of cascade 
electrons. In the processes of radiation loss and pair 
creation incompleteness of screening was neglected 
and the asymptotic expansions for extremely high 
energies ustd. This approximation is not serious and 
must be avoided only for relatively low energies 
especially in heavy substances. It was during this 
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period that I evolved with Chakrabarty a solution in 
the form of an infinite series which took account of 
the collision loss exactly, but still neglected incom- 
pleteness of screening. In subsequent work Chakra- 
barty has given method for taking incompleteness of 
screening into account approximately. On the other 
hand, by an extremely ingenious u.sc of the solution 
of the cascade theory for extremely high energies and 
neglecting collision loss, which had been given by 
Landau and Rumer, Iyengar was able to give a re- 
markable and complete solution of the cascade 
])roblem. His solution not only takes account of chc 
collision loss of electrons, but also of incompleteness 
of screening with mathematical rigour. In my opinion 
this solution shows Iyengar’s profound grasp of 
mathematical methods and his remarkable ability, 
especially when one considers that this was an out- 
standing problem which has been tried by mathe- 
matical physicists all over the world. Iyengar was 
not a physicist and was not interested in obtaining 
the mnncrical results required by experimental physi- 


cists. Indeed, for this purpose it ih simpler to turn 
to the series solution given b>- Chakrabarty and myself 
the first term (if which is a powerful ai)proximalion 
from which numerical results can be calculated with 
a reasonable amount of labour in all excci»t a few 
s]>ecial cases. Iyengar’s solution however remains 
the only one which takes accoiuU of the incomplete- 
ness of screening exactly, and is valid for all energies 
and all thickne.sses. One day wlien an increase in 
tile accuracy of experimental data re(|nircs a more 
accurate knowledge of the results of theory than 
can be obtained by other methods, perhaj>s Iyengar’s 
solution will he used to obtain these exact results 
with the help of a calculating machine. 

K. S. K. Iyengar’s preniatnrc death is not only 
a loss to those who knew him but has deprived 
India of one of her ablest and most promising 
mathematicians. 

//. J. lihabha. 


OBITUARY : DR E. L. G. CLEGG 


J^Y the death of Dr K. L. O. Clegg, Director of 
the Geological Survey of India in Calcutta at 
the early age of 50 the Government of India have lost 
an outstanding administrator and scientist at a critical 
time when they can ill afford it. 

Dr Clegg was born at Manchester , in 1894. He 
was educated in the Central High School and in 
the Victoria University, Manchester. He served 
through the 1914-18 war as an officer in the 
N’orthumberlaiid Fusiliers and saw much active 
service in France and Italy. ' 

After the war he took his M.Sc. (Geology) in 
Manchester and came to India as an Assistant 
Siiiierintendent, Geological Survey of India on the 
I St December, 1920. He was attached to the Central 
Provinces and Ihhar Circle under Sir L. L. Fermor 
and carried out some valuable mapping in the 
Chindwara District of the Central Provinces. 

The following year he was sent to Burma where 
he spent 4 years mapping the geology of parts of 
Minbu and Thayetrayo Districts. The important 
work then done by him was subsc(|uently published 
as a Memoir of the Geological Survey of India. In 
1938 Manchester University conferred on him the 
degree of Doctor of lienee in recognition of this 
valuable piece of work. 

In 1926 he returned to India and remained in 
Calcutta first as Qiirator and then as Officer-in-Charge 
of the Geological Survey Office. During this period he 
acted as Lecturer in Geology at Presidency College, 


Calcutta and in the Bengal Fngineering College, 
Sihpur. In addition he took a keen interest in the 
work of the Mining & Geological Institute of India 
and acted as one of the Joint Honorary Secretaries 
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from 1927 to 1930, and was Vice-President in 1943. 
Returning from long leave in 1931 he remained in 
charge of the Calcutta office for another year and 
was then transferred again to Rangoon in charge of 
the Burma Parly. 

During the next three years of his service he 
made a detailed map of the MogOk area in Burma, 


166 


SCIENCE AND CULTURE 


Vol. X, No. 4 


and Tiuincrous traverses in the defiles of the 
Irrawaddy, the Jade Mines District, Lai Sai State, 
and alonjj the Uyu river. 

The results of this work were published in 1941 
under the title “The Cretaceous and Associated Rocks 
of Ihinna’*. lu this ClcRg reaches the interestinK 
conclusion that the Ji<cm-bearing limestones of Mogok 
are inetaniorphosed cretaceous limestones. 

As Officer-in-Charge of the Iluriiia Party Clegg 
had excellent opportunities of visiting the llurinese 
mineral deposits. lie also got an intimate know- 
ledge of the Ihirma oil fields when acting as Resi- 
dent ('icologist at Yetiangyaung in 1935 and 1936. 
In spite of the heavy administrative work connected 
with these two posts he was able to make full use of 
the information he had accumulated at this time in 
a valuable account of the “Mineral Deposits of 
Hurma” and later, in 1944, in a bulletin on “Tin 
and Wolfram**. 

Clegg returned to India from Foreign Service in 
Burma on the a6th June, 1942. On the way he did 
a valuable traverse through the Hukawng Valley for 
the military. On his arrival in India he was put in 
charge of the Central Provinces Party and later for 
a short time of the Sulphur Operations at Koh-i- 
vSultan in Halucltistan. 


When Sir Cyril Fox retired in July 1943, Clegg 
became Director of the Geological Survey of India 
and carried out the functions of that important post 
with conspicuous success till his death. 

As a young man Clegg played Rugby for 
Manchester University and captained their waterpolo 
side. WTiile in Calcutta he played for tlie Services 
Rugby team and was one of their best forwards. He 
also won the Calcutta Place Kicking Cup on one or 
more occasions. Perhaps as a result of his early 
training in athletics he was always tireless in his 
field work. 

Clegg shone at administration perhaps more than 
in his scientific work, but his writings prove that 
he had a clear practical brain, excellent judgment 
and considerable imagination. These qualities proved 
l>articularly valuable to him in advising on the many 
prcH)lcms of engineering geology which he was 
expected to solve. He will be a very great loss to 
Indian Science and Kngijieering. 

As a man he combined the 'pitho*s sense and 
pride *0 worth* with a very pretty wit. The Geologi- 
cal Survey of India and his many friends both in 
India and Burma will long miss his cheery face and 
friendly smile. 

H. Crookshanh. 


Botes anb flews 


DEVELOPMENT OF BENGAL’S POWER RESOURCES 

Tiri*: need for a thorough survey of Bengal’s 
available power resources, thermal and hydro- 
electric, has been strongly urged by the P'lectricity 
Sub-committce of the Bengal Post-War Reconstruc- 
tion Committee in its exhaustive report just sub- 
mitlcd to the Government of India. The Committee 
has strongly recommended the creation of an expert 
comiiiittee to undertake .this survey work and has 
stressed on the immediate necessity of approaching 
the Government of India for making available for 
this province complete initial eciuipment for early 
installation of at least one thermal power station of 
10,000 k.w, capacity in the coal-field area of 
Raiiiganj. 

The Committee has expressed its strong con- 
fidence in the ^ivaihibility in this province of power 
resources, I)olh thermal and hydro-electric, needed 
for her electrification. In view of the present ten- 
dency of existing industries towards the substitution 


of electricity for other forms of power, the Coiii- 
iiiittee feels that the provision of cheap electric 
power, which through electrification of this pro- 
vince can alone make possible, would act as a definite 
stimulus to the development of industries. In this 
connection the Committee cited the example of 
U.S.S.R. which has achieved phenomenal progress 
in every sphere of economic activity, industrial, 
agriculiaral, and transport, through the development 
of electrical power. 

Regarding the distribution of power through 
the institution of a grid system, the Committee has 
expressed its view that the question of the grid 
formation does not arise at the present stage of 
electrical development in Bengal but will have to be 
considered in right earnest as soon as a few large- 
sized regional stations have come into oi)eration. 
The Committee endorses the policy of ultimate 
nationalization of electricity undertlikings as already 
accepted by the Government of Bengali, but stresses 
that such a policy in regard to State-ownership and 
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State-management should be scrutinized and clarified 
as soon as possible. 

The Committee has further strongly reconi- 
nicnded the creation of an Electricity Supply Hoard 
to undertake, among other things, a continued and 
systematic survey of the power resources of the 
province andihe formation of a pennanent body of 
Commissioners after the example of the Electricity 
Commission of Great Britain. 

THE PAPANASAM ELECTRIC PROJECT 

The Papanasam Hydro-thiermal Electric Project 
at the Thambraparani l)am was inaugurated by His 
Excellency Sir Arthur Hope, Governor of Madras, 
on August 21, 1944, according to Hindu. It now 
forms the third major hydro-electric project under 
the Madras Grid system. Designed as a hydro- 
thermal development, the scheme will at present 
provide hydro-electric power on a scale commen- 
surate with the economics of the site and has under 
contemplation the building up of a steam station at 
some future date, probably at ^fadura, as demand 
for greater load develops. Tt is stated that the 
present works have cost Rs. 163 lakhs out of the 
estimated total cost of Rs. 179 lakhs. 

'I'he development of the Papanasam hydro- 
electric power has been made possible by regulating 
and harnessing the waters of the river Thambraparani 
which drops about 300 feet over the piclures(pie 
Papanasam Falls, through the construction of the 
Thambraparani Dam and Reservoir about six miles 
above the falls. Initially expected to yield about 
5,700 k.w., the Project has already provided or will 
very shortly i)rovide a load of 11,000 k.w. It is, 
however, expected to produce 20,600 k.w. in the 
tenth year. Although the scheme is primarily in- 
tended to supply power to^Tinnevelly, Rainnad and 
Madura districts and the Travancore State, its 
as.sociation with the Madras Grid which links up 
Mettur, Pykara and Pallivasal in Travancore will 
enable the new hydro-electric station to promote 
economic distribution of electric power throughout 
the province as a whole. 

Apart from the generation of useful electrical 
power, the dam and the reservoir will’ act as a flood 
moderator and thus reduce the disastrous damage 
that occurs periodically in the ayacut, and w’ill 
further create extensive irrigation facilities by 
regulating the flow of water. The rainfall in Tin- 
nevelly-Travancore plateau usually varies from 60 to 
200 inches a year, and before the construction of the 
dam this water was simply allowed to run to waste. 
The construction of the reservoir will now enable 
the storage of about 5,500 million cubic feet of this 
water, of which, as the experts estimate, about 
i,ooo million cubic feet will be available for irriga- 
tion purposes. The great benefit which the agri- 


cultural population of this region will derive from 
this development need luirdly be over-emphut»ized. 

The Papanasam scheme, as Col. M. G. Platts, 
Chief 1 ‘Uigineer of Ivlectricity, revealed in course of 
his welcome address, was first investigated in 1920. 
The execution of the scheme was not, however, 
undertaken till 1938, because the Governments of 
earlier decades generally regarded such i>rojects as 
‘risky ventures’, as Col. Platts put it. It is only 
recently that the Government has come to recogni/.e, 
and even then reluctantly, the necessity and desir- 
ability of power production on a wide scale as an 
indispensable condition for industrial development 
and the consequent economic i»rogress. The success 
of the project in tiuoslion, as the Hindu rightly 
obseives, is largely due to the inilialive of the then 
Congress ^linistry which ordered, under pressure 
of the agriculturists of Tiniievelly, the starting of 
the preliminary operations necessary for the construc- 
tion of the dam and the jjower. The Goveriiinent 
of Madras, however, deserves to be congratulated 
for having decided to continue and complete the 
scheme during the war despite war-time difficulties 
regarding transport and the supply of plants and 
ciiuipmeiits from abroad. 

MILK SHORTAGE IN INDIA 

Milk shortage in India has assumed alarming 
proportions during recent years. Attention of the 
public on this all-importtiut question has already 
been focussed by the daily Press. Meanwhile, the 
Indian Farming (January, 1944) 'Is leading article, 
has published some inqiortant stiitistical information 
regarding the exact nature of this shf)rtage, which 
will help formulate the real extent of the need for 
more milk in this country. 

India, with her production of {Soo,ooo,ooo mauiids 
of milk per year, is the second largest producer of 
milk in the world after the l.hiited States. Ihit her 
per capita consumption of milk or its etjuivalent in 
milk prinlucts is only 7 o/. per day compared to 
35 oz. in the U.S.A. The nutritionists have esti- 
mated the daily minimum requirement of milk for 
a growing child at about 32 oz. and at aliDiit 16 oz. 
for an average adult. It is a clear evidence that an 
average Indian fails to fulfil his minimum require- 
ment under the existing supply of milk, which .should 
be increased to at lea.st three times the present pro- 
duction if any real improvement in the milk-shortage 
is to be desired. 

The shortage of milk has been rightly ascribed 
to low capacity of Indian cows for milk production 
and not to any real shortage of cattle population in 
this country. The Indian cow on an average pro- 
duces about 625 lb. of milk annually excluding, 
however, • what the calf gets, whereas the average 
production of milk in Canada, England, the Ignited 
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States and other countries varies from ^,500 to 
4000 lb. ix:r year. In Denmark, the cows are reported 
to hdve prtKluccd on an averaj^e over 8,000 lb. of 
milk a year before the war. 

Therefore, to meet our minimum need for three 
times of the (iiiantity of milk now produced all over 
India, i.e., for 2,4<^},oo(),(X)o inaunds per year, the 
Indian cow sliould be called upon to protluce 1,875 lb. 
per year, which is still a small figure compared td*" 
4,000 for other countries. This obviously implies 
increased production of callle feed. An animal with 
an average body-weight of 600 Ih. requires about 
8 lb. of dry matter in the feed daily for proiKjr 
maintenance only. This figure, however, does not 
take into account the needs for milking and pregnant 
cows for which more dry matter is needed. The 
Indian cow at present does not get more than 4*6 lb. 
of dry matter from all available fodder, grass and 
farm waste material which tlie cattle can make use 
of. Tlie problem is clearly one of increased pro- 
duction of cattle feed and increased efficiency in the 
conversion of feed into milk on the fiart of our cattle. 
These figures make us wonder how Indian cows at 
all produce any milk. We cannot expect any 
reasonable supply of milk from our starving cattle, 
and this is the crux of the i)resent milk shortage 
in India. 

THE UNITED STATES NATIONAL MUSEUM 

The annual report of the United States National 
Museum, submitted by Dr Alexander Wetmore, 
Director of the U. S. National Museum, records the 
present condition of the Museum and the^ work 
accomplished in its various departments during the 
fiscal 3[ear ended June 50, 1943. The total appro- 
priation of $892,630, received during the year for 
the maintenance and operation of the Museum, 
indicates an increase of $61,652 over the previous 
year’s appropriation. The Museum received, during 
the year under review, some i,355i26g visitors from 
all parts of the United States, a figure which, 
although slightly less than the peace-time figure, is 
sufficiently indicative of the continued interest of 
the Tl. S.i^eople in the exhibits of the Museum. In 
conipari.son with the last year’s collections, however, 
there was a diminution in the number of accessions 
and specimens received owing largely to the curtail- 
ment in field work. But still the Museum collec- 
tions were on the whole satisfactory, as new material 
came in 1,177 separate accessions, with a total of 
230,231 specimens. They were distributed among 
the five departments as follows : anthroix)logy, 
2,514 ; biology, 213,823 ; geology, 9,725 ; engineering 
and industries, 2,266 ; and history, 1,903. 

During the year under review, members of 
the staff were primarily engaged in work cal- 
culated to promote the conduct of the w^ar. 


Data were requested for enumeration work on a 
variety of subjects which included the following: 
camouflage plants ; natural vegetation of specific 
regions ; illustrations of poisonous plants and of 
emergency food plants and data regarding them ; 
destruction and mosquito-liarbouring epiphytes ; dis- 
tribution of certain plants of known economic 
importance ; botanical exidoration ; the palatability 
of the flesh of land, fresh water and marine animals, 
their use for food and methods of capture ; the 
serviceability of hides and skins for various pur- 
poses ; disease transmission ; noxious, poisonous or 
otherwise dangerous animals ; intermediate hosts of 
animal and human parasites ; aid in the preparation 
of survival manuals and other military and naval 
handbooks ; distributional lists of insects and other 
animals of medical importance ; outlines for insect 
surveys in foreign areas ; instruction in mosquito 
identification ; collection and preservation of speci- 
mens, especially those of medical importance ; 
supplying duplicate .sets of insect material not other- 
wise readily obtainable for the use of Army and 
Navy medical schools ; biological and oceanographic 
problems ; and marine fouling organisms. 

INDIAN CENTRAL COTTON COMMITTEE 

At the meeting of the Indian Central Cotton 
Committee, held on the 28th and 29th July, several 
important decisions were taken of considerable 
interest to the cotton growers. On the subjects of 
the floor and ceiling prices of cotton, the nece.ssity 
of eradicating the malpractice of mixing different 
varieties of cotton and* the urgency of growing more 
food crops in the present emergency, the following 
resolutions were unanimously passed : - 

(1) The Indian Central Cotton Coniniittcc, while tak- 
ing full cognizance of the gravity of the food situation in 
the country and of the urgent necessity of increasing the 
supply of food grains, is unanimously of the opinion that 
the lowering of floor and ceiling {prices for cotton will not 
achieve the object in view but will only result in severe 
hardship U» the cotton cultivators and seriously interfere 
with the economic condition of the rural ix>pulation as a 
whole. 

The Committee considers that the solution <}f the food 
shortage problem lies along the avenue of planned produc- 
tion and not in reducing the income of growers of iion-fr)ml 
crops to a bare subsistence. To aim at price levels for 
c.otton which will leave the growers only a bare subsis- 
tence is u retrograde step whicli will greatly add to the 
diflicultics of post-war nation building. 

It is the considered view of the Committee that the 
shortage of fcK)dstuffs can fjest be met by the enforcement 
of legislation restricting the area under cotton in accord- 
ance with a co-ordinated policy of planned production on 
ail all-India basis, without unneces.sarily reducing the pnr- 
chnsing power and the alr^dy low standard of living of 
cotton growers. 

The Committee is of the opinion that the floor and 
ceiling prices for the 1944-45 season, announced by Gov- 
ernment in their press note dated the 15th July, 1944, arc 
very low. It, therefore, strongly recommends that the fixed 
floor prices for Jarila and . all other styles sliould be raised 
by at least Rs. 50/-. In making this recommendation, the 
Committee has given due regard to the present increased 
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cost of prodacing cotton, arising more especially out of the 
heavy increased cost of consumers* goocls, labour, agricul- 
tural implements, plough, cattle, etc. 

(2) The Indian Central Cotton Committee is convinced 
tliat the malpractice of mixing different varieties of 
cotton is seriously hampering the work of cotton improve- 
ment in the country. It is the exmsidered view of the 
Committee that until this malpractice is made, a penal 
offence, it will be impossible to provide seed of improved 
varieties of cotton in quantities adequate to meet require- 
ments. In the interests of Indian cotton as a whole, 
therefore, the Committee is unanimously of the opinion 
that, as a first step, the mixing of short staple with medium 
and long staple cotton and of medium with long staple 
cotton at the factories should be forthwith prohibited *. by 
the Government of India by legislation. The Committee 
further recommends that steps be' taken by the Government 
of India to ensure that the legislation is put into effect by 
the Provincial and State Governments as stkiii as possible 
and, in any case, well in advance of the cotton season 
commencing 1st ScptiMiiber, 1945. The Comniittee lias no 
doubt that the adoption of tlie measure suggested by it will 
have a** beneficial effect on tbe food position of the country 
for, if the utilization of short staple cotton for mixing 
purposes is stopped, the production of such cotton would 
be automatically reduced to the inininiuni comineiisiirato 
with requirements. 

(3) In view of the {laramount importance and urgency 
of growing more food during the present emergency and 
in the interests of improvement of Indian cotton in future 
so ns to make its production remunerative to the grower, 
the Committee is strongly of the opinion that c<ihcerted 
efforts shoultl be made to develop the 'agricultural resources 
of the country to the fullest extent possible. The Com- 
mittee is convinced that the object in view can be achieved 
by improved methods of farming, suitable rotation of crops, 
and, above all, where conditions are favourable, by the in- 
troduction of mechanical devices for cultural and harve.sting 
fiperations. It accordingly requests the Government of India 
to give inimrdiate facilities for manufacture in the country 
and import from abroad (to meet immediate requirements) 
of improved implements and machinery and fertilizers. 


THE CYCLOTRON OF THE CARNEGIE INSTITUTION 

Tug coii.struction of^tlie new giant cyclotron at 
the Department of Terrestrial Magnetism of the 
Carnegie Institution of Washington has just been 
completed, according to Science, June 2, 1944. The 
new cyclotron is reported to be the second largest in 
the world after the one at Herkcley under tlic suiter- 
vision of Professor E. O. Lawrence and generates 
atom-smashing projectiles of 15 million electron 
volts energy. The cyclotron weighs more than* 225 
tons, has an overall height of 12 feet, is 30 feet long 
and 20 feet wide. The magnet is made up of four 


iron castings, of which the largest weighs more than 
30 tons. • This heavy magnet surrounds the accelerat- 
ing chamber, i.c., the Dees, having a diameter of 
about 60 inches. The cyclotron has a supply of 
100 k.w. radio frequency and operates at 10 
megacycles. 

The cyclotron of the Carnegie Institution has 
been housed 10 feet below the earth's .surface .so that 
its radiations may not reach the people outside. In 
fact, so powerful these radiations have proved to lx; 
that mice exposed to much weaker radiations 
perished within a few hours. The operator of the 
cyclotron is protected from its rays by specially 
constructed insulating walls. The introduction of 
the interlocking system of conlrollccl oi)eration pro- 
tects the equipment from accidentally being damaged 
by mistakes in operation, or by failure of any coin- 
l>oncnt part of the cyclotron. Another device for 
avoiding accidents consists in providing master 
switches in the doors, leading to the powerful high- 
voltage parts of the laboratory, in such a way that 
the opening of any of these doors automatically 
results in the cutting off of all power. Thus, acci- 
dental entry into the laboratory while the power is 
on docs not prove fatal. 

It required four years to build the new cyclotron. 
The total cost of erection, including its appurten- 
ances and the special three storey building to house 
the equipment and workshop, has been estimated at 
$500,000. 


N£IV HORIZONS 

We welcome the appearance of the new illus- 
trated monthly New Horizons published from 
Allahabad under the editorship of Mr Satyendra 
Nath Sanyal. It is a variety journal and contains 
feature-articles on topical subjects, short stories, 
light essays, huihorous sketches and entertaining 
discussions 011 fashion, femininities and such other 
topics as satisfy popular curio.sity and interest. The 
printing and the quality of the paper, especially the 
latter, are good, and we hope the journal wiW apiieal 
to a wide circle of popular readers. 
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A NEW SOIL STABILIZER FOR WATERPROOFING 
. OF ROADS 

A NK\\’ resill compound derived from pine resin 
been developed in U. S. A. for water-proofiiiR 
llic soil and is beinft usetl extensively for speedy 
construction of military roads and airports. It has 
been named “vStabinol**, since by this method -the 
toi> 6 inches of the surface soil is bcin^j stabilwed, 
so that there is no imid formation. The treated soil 
does not allow rain water to penetrate the soil, 
water simply being dfained off from the top, and the 
subsoil water also cannot rise because the chemical 
treatment upsets the natural phenomenon of 
capillary action. It is a dry powder and is spread 
over the surface of the soil by hand or by mechani- 
cal sprayer and harrowed to the depth rcyjuired. 
The amount of Stabinol required varies with Ihq 
dc|)th of the soil to be treated and with the chemi- 
cal and jdiysical i»roperties of the particular soil, j s 
well as with the severity of the exposure to be en- 
countered. In fact, its use has varied from 6 lbs. 
per sciuare yard for a compacted depth of 6 inches 
for heavy military roads to lbs. per sq. yard for 
playgrounds. On the average, it is reported, the 
%Stabinol required is one percent of the .soil treated. 

N, K. s. a, 

INDUSTRIAL APPLICATION OF HIGH VACUUM 
TECHNIQUE 

Thk industrial application of high vacuum 
tcchiiiciue is of very recent date. High vacuum has 
proved an extremely useful technique in the de- 
hydration of foods and drugs, production of vita- 
mins, refining of certain chemicals and oils and the 
distillation of a large number of compounds, such 
as oils, fats and waxes, otherwise liable to decom- 
position. Important as its application in these 
varimis manufacturing processes has been, it is only 
in the ca.se of inagnesiuin metallurgy and dehydra- 
tion of penicillin that high vacuum tcchniciue has 
been apjdied on a really large industrial scale. The 
manufacturing processes deiiending for their .success 
on the use of high vacuum technique generally in- 
volve the maintenance of ,a pressure of about 
o'ooi mm. or r micron, which is equivalent to re- 
producing the vacuum conditions of the ionosphere 
iasidc the plant. The instances of the extraction of 
magnesium and the dehydration of penicillin, which 
formed the subject of an interesting note by Richard 
S. More in The Scicnlific Monthly , may be cited to 
itulicate the difliculties and the -advantages attending 
the industrial application of high vacuum technique. 


High vacuum is an indispensable factor in the 
extraction of magnesium. It accelerates the reduc- 
tion of the ore into the metal and the evaporation 
of the magnesium molecules and further prevents 
its oxidation. Bricks of crushed dolomite and ferro- 
silicon, contained in a chrorae-nickcl-stcel retort, are 
heated in vacuum to iioo^C when magnesium is 
vaporized and condensed in the water-cooled end of 
the retort. The whole process requires about eight 
hours. The entire system has to be kept air-tight 
and maintained at a pressure of i micron! At such 
a low pressure a volume of gas at normal atmospheric 
pressure expands to i6o,ooo times its volume, and 
such huge volumes of gas require to be continuously 
removed. To this has to be added the volume of 
occluded ga.ses liberated at low pressure. The 
amount of gases so liberated may be realized from 
the fact that at atmo.spheric pressure a piece of metal 
contains occluded gases ^ of many times its own 
volume. 

Maintenance of high vacuum under these cir- 
cumstances has been rendered possible by the use of 
‘netv-type industrial diffusion pumps, together with 
a.s.sociaied vacuum valves, gauges, and similar parts, 
capable of exhausting tremendous quantities of air 
and other ga.ses in record time.* The entire vaciuini 
system claims to liave a immping capacity of several 
thousands of cubic feet per minute in the micron 
Rauge. 

The vacuum technique has been applied with 
great success to the problem of drying penicillin and 
has removed the disadvantages invariably a,ssociatcd 
with the freezing methods of dehydration. The for- 
mation of heavy ice layers in the compartments 
designed to collect the vapour is a serious objection 
to the latter method. Since enormous volumes of 
water vai>our are continuously liberated, the main- 
tenance of high vacuum prevsents no small difficulty. 
The technical difficulties are reported to have been 
solved by handling air and water vapour indepen- 
dently in the vacuum system with different pumping 
methods. * 

It is of interest to note that in U. S. A. the credit 
for perfecting the vacuum technique as applied to 
magnesium metallurgy and dehydration of penicillin 
on a large scale uniquely goes to the National Research 
Corporation in Boston, which built up the first pilot 
plant for the extraction of magnesium and developed 
the High Vacuum Diffusion Process for the dryin.n 
of penicillin. 
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CHARCOAL BRIQUETTES AS SUBSTITUTE FOR COAL 
IN LOCOMOTIVES 

. India’s deficiency in ^ood coking coal needed 
for her metallurgical industries is well-known to our 
readers. In fact, her estimated reserve of coking 
coal, as was shown in a number of articles in the 
past issues of “Sciknce and Culture** (Vol. 7, 
Nos. 3 & 4 )» can hardly feed her smelting industries 
for another 60 years. In coniidele disregard of this 
serious deficiency, thoughtless use of good quality 
coal for puri)oses other than metallurgical, such as 
steam raising in locomotives, is being continued, 
specially when inferior coal after some processinj|fcan 
be used with comparable success. Kven the use of 
charcoal briquettes as a probable locomotive fuel is 
on record, and we may particularly draw the alteii- 
tioii of our readers to a recent article in Nature, 
(July 8, 1944) in which Pr H. Greene jind T. N. 
Jewitt, of the Agricultural Research Institute, 
Anglo-Egyptiaii Sudan, have described their own 
experience w'ith charcoal briquettes as locomotive fuel. 

Charcoal briquettes to be successfully employed 
as locomotive fuel must satisfy certain proi)crties. 
The brifjuettes must he very strongly bound as they 
are retpiired to withstand the severe conditions 
>vithin the locomotive fire box. Weak binding may 
lead to loss of fuel due to forced draught and shaking 
and clinker formation at high temperatures. The 
authors in their e.;periments used charcoals available 
in the central Sudan and generally made from three 
kinds of acacia, namely A. Arabica Wild, (ash con- 
tent 3 -5 per cent). A, Scyal Del. (ash content 5 — ii 
l)er cent.), and A. Mcllijera Jlenth. (ash content 6- -15 
per cent.), of which A. Seyal Del. appears to be the 
most promising and satisfactory source. Charcoal 
of the above dLScription was finely ground and mixed 
with i)itch (Me.Nidialtc D.ff. 75/85) which is con- 
sidered essential for such briquette making. Gum 
arabic was used .ns a iirimary binder. The mixture 
was stamped into bricpiettes by three impacts from 
a 75 lb. weight falling from a licight of 6 ft. When 
such briquettes were hardened on drying they could 
bear crushing loads up to 2,000 lb. per sep in. The 
strength of the briquettes generally depends on 
several factors, such as gum content, grinding 
method, number of impacts etc., and the authors 
obtained strongc.st briquettes from a mixture con- 
taining 60 parts of water to too parts of dry matter. 

For successful operation the briquettes must 
give rise to considerable volume of volatile matter. 
Charcoal-pitch briquettes prepared in the way des- 
cribed were not as such capable of producing the 
rcciuired amount of volatile matter, but were made 
to do so by dipping them in furnace fuel-oil. The 
process, however, means some reduction in the 
mechnical strength of the briqiielte.s, but it is some- 
what compensated for by their increased resistance 
to rain, which this process makes possible. One set 


of cliarcoal bri(iuettcs made in this way and later 
subjected to a number of full-scale fuel trials had 
the following percentage c<jmi)osition : charcoal, 75 ; 
pitch, 8 ; oil, 8 ; gum, 4 ; water (lo.st at los^C.), 4. 

Results of trials with bri<iueltos of this type are 
recorded in the article. The charcoal-pitch briquettes 
were used in service trains riuiniiig at mode- 
rate speeds in which normal steam pressures of 
1 70- 1 75 lb. per sq. in. were maintained. The results 
are rei)orted to be satisfactory. It was found that 
success in all these trials depended markedly on the 
ability to grind charcoal to a snilable powder. The 
rc.sulls steadily deteriorated with the use of coarser 
material. Charcoal ground in edge-runner mills pro- 
duced satisfactory results, but charcoal pulverized in 
beater type mills developed cracks and internal 
strains and gave poor results. It is interesting to 
note that such strains were reduced lo a in ini mum 
when the charcoal was wetted before grinding. In 
fact, following this method authors pnKluccd 
.strong and mechanically .sound briciuettes from char- 
coal which was ground by a type of bull-drawn roller 
.specially designed for Ihe purpose, anil edge runner 
mills were not necessary. 

In the making of such briquettes i)itch is essen- 
tial, as attempts to prepare them without the use of 
pitch ended in smoke. Clinker formation is, however, 
a great disadvantage which at present militates 
against the free use of charcoal -i)itch bri<|ueltc as a 
locomotive fuel. The clinker formation is largely 
due to impurities, such as siliceous matter, whicli 
always containiiiate dirty charcoal. Us elimination 
docs not seem impossible, and there is a fair chance 
of coal being largely replaced by charcoal briquettes 
in locomotives in the days to come, i)articiilarly in 
countries unfavourably placed with regard lo the 
.supply of coal. 

METHANE FOR PETROL 

A REI*<)RT in the Chemical Age places on record 
the increased use of methane in place of petrol as a 
motor fuel in Sweden. Although methane does lud 
appear to he a very convenient source of fuel to 
handle, Sw'cdcn had to explore all the possibilities 
for exploiting this w’aste gas because of her serious 
scarcity in coal and petrol. The gas is obtained from 
.sewage, and in 1945, the sewage di.sposid plant of 
Stockholm produced over t million cubic metres of 
methane gas. During the present year, the plant 
has iindergoiie further extensions, and the produc- 
tion is expected lo increase by about 50 per cent. 
Buses and other automobiles are already operating 
in the cities with great success, atid its use is being 
increasingly welcomed. One cubic metro of methane 
is reported to be almost equivalent to one litre of 
iwtrol as motor fuel and is produced at a cost of 
25 ore i.c., which is about the sjunc as the pre- 
war price for i litre of petrol in Sweden. 
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important (|ucslioii of the Rreat damage done 
by insects to stored food stulTs and such other 
commodities has so far received little thought in 
this country. It is seldom realized in India that 
due to want of any gf)od system of storage, a large 
part of the produce of the land is destroyed by 
insect pests. These pests attack all kinds of stored 
products, such as paddy, rice, wheat, flour, 

tobacco, dried fruits etc. In this way millions of 
rupees arc lost anntially. 

Damagic causkd by Insp.cts 

It is said that the damage caused by insects in 
North America costs annually ;C2oo, 000,000, that the 
amount of food-stuff s lost annually as the result of 
the depredations of insects amounts to £60,000,000, 
and that the ‘damage caused annually by clothes 
moths, carpet beetles and other insects which attack 
silk, wool, furs, feather and other articles of animal 
origin amounts to £2o,fj<jo,ooo. It has been esti- 
mated that the loss in maize in the State of Virginia 
in r922 due to the Aiigoumois moth, Sitofroga 
ccrcalella, amounted to between £100,000 and 
£50(^,000. In C'.crmany, the annual loss due to the 
Mediterranean flour niotli, Et>heslia Kuhniella, is 
estimated between £25,000 and £50,000. About 15 
per cent of the stored grains in New South Wales 
is lost annually mainly on account of Silophilus 
(Calandra) oryzae. The annual loss of cigars due to 
iMsioderma scrricorne in Manilla is said to amount 
from 3,000 to 65,000 dollars per factory. These 
flgurcs will suffice to show the great losses which 
mankind suffer through insects. Indeed' the losses 
are so great that they can not be properly estimated. 

iNSKcrs Ri5sk>nsibi.k for thr Damagr 

The insects which are commonly found in 
associat^)n with different kinds of stored produce in 
this country arc : — 

Beetles: (t) Tenebrio moliior, (2) Orzaephilus 
surinamensis, (3) Sitophilus oryzae, (4) Araecerus 
fasciculaius, (5) Bruchus pisorum, (6) Tribolium 
casiancum, (7) TriboHum confusum, (8) Lasioderma 
serricorne, (g) Trogoderma granarium, (10) Rhizo^ 
periha dominica. 

Moths: (i) Plodia interpunciella, (2) Corcyra 
cephalonica. 


Tenebrio ntolitor, the meal worm beetle, gene- 
rally infests meal and flour. It is bred in large 
numbers as food for cage birds. The eggs are laid 
sintpy or in small batches. They are prolific breeders 
and one female may lay 576 eggs during her life 
time. The larva is of a bright yellow colour, is 
omnivorous in its tastes, and generally feeds on any- 
thing it comes to lind. They breed in large numbers 
during the rainy season. The larvae of meal worms 
are vei*y resi.stant to starvation and may live for from 
6 to Q months without food. Tenebrio moliior is 
widely distributed all over the world and are found 
ill all places where food grains are stored. 

Orzaephilus surinamensis is known as saw- 
toothed grain beetle. It is a small brown beetle, 
has a flat body which is well adapted to its habits 
of crawling into cracks and crevices. 0. surinamensis 
is found all over the world and is an important 
granary and storage pest. The female generally lays 
one to four eggs daily and nearly 300 eggs arc laid 
by her during her life. 

Sitophilus oryzae is generally associated with 
rice and is widely distributed in the warmer parts 
of the world. The larva feeds on rice, forming a 
winding tunnel which increases in length as the 
larva grows. In addition to rice, it also infests the 
common grains such as millets, oats, peas etc. 

Araecerus fasciculatus : is found on coffee, 
biscuits, nutmegs etc., while Bruchus pisorum is 
found in association with peas and lentils. 

Tribolium castar.eum, the rust red flour beetle, 
is not so common as T. confusum which is found in 
stored cereals and the products made from them. 
It is also found in flour, bran etc. The complete 
life hi.story takes from 50 to 90 days depending on 
the tcirperaturc and humidity. The larvae do the 
most damage but the beetles also feed on the pre- 
served food. 

Lasioderma serricorne attack cigarettes and 
cigars etc. The eggs are laid in crevices and wrinkles 
of a tobacco leaf. The life history from egg to the 
adult lasts from 70 to 90 days. The adult is found 
w'herever tobacco is grown and manufactured. 

Trogoderma granarium is a serious pest of 
stored wheat and barley and is occasionally found in 
other stored food stuffs. India is its home, from 
where it was imported with Indian barley into the 
British Isles, and it has now established itself iu 
brewaries even where Indian barley is not used. 
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The most advantageous conditions for the life history 
of this beetle are found in hot, dry weather in 
the Punjab during the months of May, June and 
and part of July. The beetle is very active during 
these months and during this time the life history 
may only last twenty five days. When the beetle 
meets adverse conditions it becomes dormant and 
remains so until favourable conditions appear. It 
can hibernate in the larval stage. The larva has a 
hairy body and it attacks the grain in a cliaracteristic 
way. It nibbles at the pericarfi and then at the 
grain. The greatest amount of damage is caused in 
the top part of the stored grains where the beetle 
and their larvae arc generally found. 

Rhizopertha dominica is a cosmopolitan species 
and is generally regarded as a siirious pest of stored 
grains in India under certain conditions. It lays 
a large number of eggs, multiplies rapidly under 
favourable conditions and destroys grains rapidly. 
It can withstand dry conditions better than can other 
grain pests. It has been pointed out that it only 
infests grain in vessels made air tight and never 
attacks grains in gunny bags and vessels with loose 
covers. It attacks rice, whe^t, barley, beans, 
lentils etc. 

Plodia interpunctdla is known as the Indian * 
meal moth. Though it prefers dried fruit, it is 
eommouly founil in association with beetles attack- 
ing other kinds of stored i)roducts. It is cosmopoli- 
tan in distribution. 

Corcyra ccphalonica is also a cosmoiwlitan 
species, and is best a(lai)ted to live in a warm humid 
alinosplicrc. In Tiulia, its larvae have been recorded 
commonly from husked rice and biscuits. 

HriT;\in\s Effort in o^nservino Food Reserves 

Since food conservation is of such vital import- 
ance especially during war time every effort has been 
made by Eritaiii to miiiiniize the danger of the 
destruction of food grains stored in godowns. At 
the onset of the present war His Majesty's Govern- 
ment ill Great Britain visualized the possibilities of 
the loss of the nation's food reserves by this means 
and a commission was immediately appointed to 
harness all scientific knowledge of the life and habits 
of insect pe.sts in different types of grains and also 
in different industries with a view to preventing the 
loss. Their report was published in 1940. Its most 
important result is the demonstration that infestation 
occurs throughout all the industries producing, 
housing, transporting, trading in, or using cereals 
and cereal products. A nation-wide storage .system 
c(>-ordinated by a national control body under the 
Ministry of Food was thereafter inaugurated. This 
has entirely controlled any great increase of vermin 
in warehouses and food factories especially now when 


they are handling larger stocks of food. This con- 
trol body has qualified biologi.sts, mycologists 
and zoologists of wide experience in industrial biology 
at the head. This body tackles control of rodents, 
chieffy rats and mice, control of insects, and moulds 
and bacteria. They make regular iiis])ection and 
look into methods of checking infestation. This 
l>ody also studies the usefulness of different vermin 
t.K>ison-baits, fumigants, iat-i)ois()ns etc. 

When cargoes arrive at a ])()it or warehouse, 
strict examination is made to see if they harbour 
any insect pest, and if .so, prompt action by the 
authorities is called for. This has already checked 
at the ports some that might have become nationally 
serious. The food supplies are generally scattered 
and vacant basements of buildings in out-of-the-way 
towns arc used for storing food reserve which arc 
inspected periodically. The survey has i>roved its 
value in recognizing and defining the main problems 
that need to be tackled. Good ventilation, general 
cleanliness, dry surroundings, segregation of infe.steil 
consignments and other simple metluHls of control 
have yielded results of value. The probleih of in- 
secticidal treatment comes to the fore. The cold 
storage system and c luipmcnt have been nationalized 
so that all resources can be used to the best advan- 
tage. The report is very exhaustive and has done 
good service in stressing risk from insects and 
HKlents and formulating the problems that have to 
be made when food conservation is of paramount 
importance. It has been clearly recognized that 
there is a whole chain of circiinislances which require 
control in stopi»ing the grain destruction of insects 
during storage. 

In the United States, the Bureau of Entomology 
and Plant Quarantine have publi.slied coiicised in- 
formation for avoiding trouble from insects in .stored 
foods. 

Insect damage to stored food is increased by 
long storage. Infestations which were small and 
negligible once may develop into tremendous pro- 
portions within a short lime. The rale of multipli- 
cation varies in different insects, but the most 
imi)ortant underlying factors which favour rajnd 
multiplication arc optimum temperatures and 
humidity. 

Food cannot be stored anywhere and every 
where. If possible, the building must be so cons- 
tructed as to make it air tight. The idea is tha^ 
the insects are not only prevented from gaining 
entrance but that, if infestations occur, such build- 
ings should be readily fumigable. 

Insects which infe.st food materials are generally 
of minute size. These not only hide in cracks and 
crevices but may also breed there. The floor and 
walb must, therefore, be insect proof. 
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Doth Hkat and Cold utilized for Preserving 
Grains 

The recourse to adverse temperatures and 
humidity which have often deleterious effects on the 
life and iiiultiplicaTion of insects has been widely 
employed in jireserving grains and cereals. 

High temperatures of around i40°F do not as 
a rule affect the (luality of most stored products, rice 
and tobacco being the chief exceptions, nor do they 
impair the germinating powers of seeds. It is never 
advisable to go beyond the temi)erature known to be 
fatal to the in.sect pest that is being controlled. 
The difficulty in high temperature treatment is to 
decide upon the range of teintierature non-injurious 
to the seed but fatal to the ctmtained larvae and 
eggs. It is for this reason that the use of heat for 
controlling insect pests is mainly confined to the 
treatment of cotton seed against Rnk Boll worm, 
and of flour mills in U. S. A. and Canada against 
the various pests of flour and grain. 

After once tlie preliminary cleansing has been 
effected, cold storage at very low temperatures is 
perhaps the be.st known method of storing food 
.stuffs under artificial conditions. Although tobacco 
infestetl with jMsioderma beetles can be easily cured 
by exjjosurc to t4o®F in a steam chamber for half 
an Jiour, but it makes the tobacco extremely brittle. 
For this reason tobacco is disinfested by exposure to 
a temperature of minus 3 to 4 degrees for several 
days. 

Different Fumigating Agents 

The only radical method of ensuring the des- 
truction of insects in the stored products is by 
fumigation. Hydrocyanic acid gas and carbon 
bisuli)hide have long been the favoured fumigants, 
but within recent years, new materials have come 
into more or less extensive use, chiefly because these 
are safer to human life. 

Hydrocyanic acid gas, though extensively iLsed 
as a fumigant, is not so practicable a sterilizing agent 
owing to a certain lack of penetrative power. This 
difficulty can be overcome to a great extent if a 
partial vacuum be created within the container. 
This method has been adopted by the Federal 
Horticulture Board of U. S. A. for the sterilization 
of baled cotton coming from India and Egypt where 
the Pink Boll worm is present. 

The most important factor governing the effi- 
ciency of fumigation is adsorption— adsorption of the 
gas on the walls of the warehouses, on the floors, on 
the packing cases or sacks, and in the goods them- 
selves. It is highly impoxtant, therefore, that one 
should know how fumigants are adsorbed, what 
residues are left and how far these can be removed 
by ventilation or airing in the first instance and by 


industrial processes later. Therefore, in the treat- 
ment of edible materials, though only a very small 
amount of the fumigant is adsorbed, this must be 
without danger before it can be safely used. Cotton 
seeds exposed to the action of hydrocyanic acid gas 
under reduced pressure retain a considerable quantity 
of this gas owing to the solubility of hydrocyanic 
acid in the oily seed content. This is not wholly 
expelled by exposure to air. On the other hand 
this gas has no deleterious effects on flour, grains 
etc. 

Carbon bisulphide is a clear volatile liquid and 
has a smell resembling chloroform. It is a very 
heavy liquid and is comparatively non-toxic but it 
is extremely inflammable and is liable to explode. 
Its successful application rctiuires a warm atmos- 
phere, not less than 7o®F, and an exposure varying 
from 30 minutes to one or two days. 

In order to cure infestation in the house, small 
quantities of the seed or grain may be treated in a 
barrel or an iron container by ] touring the liquid 
directly on to the graiusr One ounce of carbon 
bisulphide is necessary to sterilize 100 pounds of 
.seed and within 34 hours the treatment is complete. 

^ Unlike carbon bisulphide, carbon tetrachloride 
is not inflammable and is often used in fire extin- 
guishers to smoother flames. This property makes 
this gas an extremely safe insecticidal fumigant but 
its toxicity to insects is relatively low. It is generall\' 
combined with ethylene dichloride and the combina- 
tion has been reported as highly effective. It has 
also often been used to blanket the carbon bisulphide 
but in the proportion in which blanketing is 
effective and fire and explosion risks are negligible, 
these two vapours or gases generally separate out, 
and this leads to ])atchy distribution and patchy kill 
of the insects. 

Fumigation with formaldehyde is laid down as 
the standard method to be adopted in the Regula- 
tions for the Army Medical Services. Formalin is 
placed in a galvanized iron pale, chloride of liiiu* 
wrapi)ed in thin paper, which is then pierced, behiK 
quickly added. A violent chemical reaction iniiiie- 
diatcly takes place, 80% of the formaldehyde being 
vaporized by the heat of the primary reaction. 
Insect eggs are rendered sterile when exposed to this 
gas for 24 hours* 

Napthalene is volatile and is insoluble in water. 
When placed in a closed chamber, it readily .saturates 
the air. It is not only an insectidde but is also a 
good insect repellent. Its use is limited to condi- 
tions where the food has been stored in an air-tight 
chamber. 

If the moisture content is reduced to less than 
7 per cent, it will ensure the destruction of Calandra 
beetles, and according to the report by the Australian 
Commonwealth Advisory Council of Science and 



October, 1944 science in 

‘m* ■ 

Industry, such dry storai;e of sundricd wheat will 
make it possible to store this produce indefinitely 
without damage from weevils. In case flour has to 
be stored by this process, the moisture content must 
be reduced from lo to 14 per cent to less than 7 iK^r 
cent by subjecting it to some drying process. ^In 
the same way other food products, like maize, can 
be easily stored for a long time. 

Napthalcne in proportion of ilb to 2, 000 ft), when 
placed in niu.slin bags and .suspended from the top, 
can be effectively used for storing maize, rice, paddy, 
wheat, seeds etc. The napthalenc should never be 
mixed with the grain, as airing for even 2 days will 
not remove the odour. 

Chloropicrin (nitrochloroform) , this material 
known during the first world war as tear and vomiting 
gas, is prepared by adding an atiueous .solution of 
picric acid to an excess of bleaching powder. It has 
been found to be of considerable application as an 
insecticidal fumigant. It is extremely toxic to in- 
sects and is less toxic to human beings than carbon 
bisulphide. It is non-inflammable and can penetrate 
commodities when stored in bulk. It has no action 
on metals and fabrics and colours arc not affected. 
It has also a pronounced lachrymatory effect, so 
that its presence can be cfuickly detected. It has 
recently i)ecn found that it acts better when com- 
bined with carbon dioxide than wlieii it is used 
alone in a pure state. Though it is widely used in 
U. S. A. and PVaiice, it should be rememberc<l that 
it is liable to impair the germination power of seeds 
unless they are dry. 

Kthylene dichloride is another fumigant. This 
material although .synthesized from ethylene, does 
not contain an ethylene linkage, the formula being 
CHa CL-CIIa CL. This should not be confused 
with dichloroethanc. It is a colourle,ss liquid, non- 
corrosive to metals and at ordinary temperature is 
not dangerously inflammable. It po.s.sesses an odour 
similar to that of chloroform. A mixture witli 
carbon tetrachloride in the proportion of 3 : i , is an 
effective fumigant and is relatively safe. 

The use of trichloroethylene is. known. The 
pure material decomposes readily when exposed to 
light, yielding phosgene and hydrochloric acid. It 
can only be used when mixed with ethylene dichlo- 
ride. Tetrachloroethane has not been much used as 
a fumigant for stored products. 

Ethylene oxide pos.sesses marked insecticidal 
properties and can penetrate deeply. Its disadvan- 
tages arc that in certain concentration this gas, like 
carbon bisulphide, is combustible and explosive 
when mixed with air. When mixed with carbon 
dioxide in a ratio of i part of the former to 7*5 parts 
of the latter by jyeight, it is non-inflammable and 
the mixture does not separate or stratify. The 
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addition of carbon dioxide increases the insecticidal 
value of ethylene oxide to a marked degree. 

The mixture of ethylene oxide and carbon 
dioxide is now known by the trade name of carl)- 
oxide. It is non-injurious to fabrics, furniture or 
food products and is little toxic lo man. Some in- 
sects of stored products are much more cpiickly 
affected by this mixture than hydrogen cyanide. It 
affords an additiomil advantage as it leaves a 
residue *111 fumigated products of no toxicological- 
significance. Ihit it should be remembered that 
where seeds are concerned ethylene oxide may 
seriously affect their germination. 

Cyclohexene oxide has been patented in IT. S. A. 
for disinfestation of stored 'products but api)arontly 
has not been tested on a large scale. 

Mcthallylchloride is a product manufactured 
from petroleum hydro-carl)ons and is a liquid which 
evaporates easily at normal tempcratiire. This 
material no doubt posses.ses good insecticidal (pialities 
but at the same time it is a skin irritant. Too little 
is yet known of its decomposition products and its 
reaction with food to justify its extensive use at this 
stage. 

Trichloroaceto-nilrilc is lachrymatory ; it is pro- 
bably widely used in Oerniany and lias a number of 
unpleasant features, the chief being that it is an 
insidious poison. Its penetrative i>ropcrties are satis- 
factory. It is slightly corro.sive to iron and steel. 

Acrylonitrile is toxic t 5 * insects in the gaseous 
stage. It is miscible in all proportions with carbon 
tetrachloride ; a 1 : 1 l)y volume mixture is non- 
inflammable. This mixture has aiiproxiniately the 
same effectiveness on insects as tlie acrylonitrile 
• alone. Wheat fumigated with tin's agent should be 
aerated before milling. 

Provided the storage container is air-light, luiuid 
carbon dioxiile may be employed to kill all insect life 
including eggs within a short lime. Iweii if the 
carl)on dioxide is not introduced from outside, the 
carbon dioxide whicli is produced both by grain and 
insects .lets as a narcotic. Aided by the diminished 
oxygen pressure brought about by the grain absorb- 
ing oxygen, this gas has a toxic effect ni)on the 
weevils. If the exposure is prolonged, the power 
of germination becomes impaired. Otherwise this 
method can be considered as ideal. 

The use of methyl bromide as a fumigant for the 
control of insect iiests has increased markedly within 
the past few years. It is a liighly potent fumigant 
and is effective in cau.sing death of nearly all types 
of^ insects, including their eggs, that infest stored 
products. It conqiares favourably with hydro-cyanic 
acid gas, chloropicrin, and ethylene oxide in its 
toxicity to insects. The amount of methyl bromide 
(determined as bromide) absorbed during fumigation 
varies with the nature of articles fumigated, but is 



166 


SCIENCE AND CULTURE 


Vol. X No. 4 


generally decreased after exposure to air. Milled 
grains have cousicierable p(j\vcr to adsorb the fumi- 
gant and fatly articles absorb more than nun-fatty 
ones. The small amount of methyl bromide residues 
left on the fumigateil stuff is unlikely to be harmful 
to the coii.sumcr, but laboratory experiments have 
shown definite ])atJiological changes in the internal 
organs of rabbits receiving high concentration of 
methyl bromide in olive oil over a prolonged iieriod. 

Irrespective of the nature of the agent that is 
selected, this process to keep grains free from insects 
by fumigation is expensive and fur this reason it 
can only be practised successfully in places like mills 
and large Clovernment stores and is totally imprac- 
ticable of being carried out in the household and in 
the farnihouse. 

Contact iNSKenciDHs 

h'or commercial stored products the most com- 
monly used insecticide is cjiie that contains 
pyrefhrum. Pyrelhruiii, whether used in the form 
of a dust or in the litpiid state mixed with some non- 
odourous mineral oil, is fatal to all types of insects 
which possess a well-developed tracheal system. 
Even the eggs are also ([uickly affected. It also 
leaves a residual effect which can be made llse of 
to protect the produce in the warehouse from being 
reiiifesled during the period when such insects are 
very active, especially dTtriiig the rainy season. The 
dry |H)wder can also be advantageously mixed with 
the grains as pyrethruiii is toxic only to insect-life 
and not to higher animals. 

Pyrethruni-oil sprays are, therefore, used exten- 
sively in flf)ur mills, bakeries, wholesale groceries 
and many other places where foods are made or 
stored. The dissipation of the odour is usually 
complete within an hour after spraying. 

The use of ordinary liydrated lime has been 
recoin mended to jirotcct [leas. 

Sprays coiitaiiiiiig aliphatic thiocyanates are 
reported to make effective warehouse and mill sprays. 
I. ethane 3S4 is an Aiucricaii discovery which has 
recently been jdaced on the market. It is an insec- 
ticide concentrate designed si)ccifically as the active 
agent of a liipiid insecticide. It belongs to a class 
of compounds known as aliphatic thiocyanates, the 
elements entering into the composition of these com- 
pounds arc carbon, hydrogen, oxygen, sulphur and 
nitrogen. No elements 'which arc basically poisonous 
are involved in its composition. It is non-toxic to 
hiiinaii beings in small (luaiitity, but excecdinitily 
toxic to all forms of insect life. A mixture with 
stainless kerosene in proportion of i : 5 forms an 
effective insecticide for application in warehouses. 

In outlining the destruction of stored food 
grains by insects we have intentionally left out the 


part in.scct.s play where they interfere with the 
activities of farmers and agriculturists such as the 
great ravage done by migratory locusts. 

MKTHOD APl*LiqAIH^ TO INDIA 

In India, by the Destructive Insects and Pests 
Act of igi4, there is a general prohibition against 
the importation of any article liable to infest any 
crop, liy a further (Government Order of 1917, no 
plant is to be imported to British India except fruits, 
vegetables, and sugarcane unless sterilized with 
hydrocyanic acid gas at one of ihe specified ports. 

It will be noticed from the above that the 
fumigating agents which can be used for destroying 
in.sect pests in stored food are of a varied nature and, 
though each presents some particular characters in 
its favour, for ordinary purposes the choice will lie 
among hydrogen cyanide, ethylene oxide, carbon 
disulphide and chloropicrin. The use of chloropicrin 
in Itngland is not, however, recoiffhiended by the 
Ministry of Health. 

For all round use in this country a mixture of 
ethylene oxide and carbon dioxide is recommended. 
It has no harmful effect either on the operator or 
upon the food-stuffs fumigated. It is only when it 
is present in high concentrations, that it causes 
irritation to the eyes. • 

Fumigation cannot be vsucccssfully performed 
in warehouses, factories, mills etc., particularly in 
India, because of the difficulty in rendering the 
building gas-tight and also in procuring the necessary 
equipment. Besides, the high cost involved in its 
execution will be a great discouraging factor. This 
difficulty can be readily obviated by using any con- 
tact insecticide, such as pyrethruin and derris 
derivatives and synthetic thiocyiiate compounds. 
Disinfestation by contact insecticides will be parti- 
cularly suitable especially when the bulk to be 
treated is not very large and where the container 
has frequently to be opened as in shops and in 
households. But when the bulk is large, cold 
storage will be the ideal method of preserving grains, 
cereals and dried fruits. A temperature of 40® to 
45®F is inimical to most insect life. 

PRIiSKNT DAY SCARCITY OF PYRKTIIRUM 

The greatest drawback to the wider use of any 
vegetable insecticide lies in the fad that derris in 
the pre-war days came from the Far East and 
pyrethruin mainly from Japan. A reduced produc- 
tion of pyrethruin flowers in Kenya Colony in East 
Africa, induced by drought conditions and the in- 
creased use of this commodity in the army’s aerosol 
insecticide programme have resulted in a practical 
stoppage of pyrethrum allocations to normal peace- 
time consumers. Other than in most exceptional 
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cases, no exports have been permitted from U. S. A. 
in over a year ; pyrethrum household fly sprays have 
received no allocations both in U. S. A. and India 
under the present emergency, and use in livestock 
sprays, an important use in milk production, was 
excluded in U. S. A. last spring. Small quantities 
have been granted to some pest control operators 
doing essential public health work, but with scrutiny 
as to usage and earlier allocation. The American 
army itself has foregone the use of pyrethnim in 
military establishments and instead is using .synthetic 
substitutes for all insect control other than malariah 
mosquito work and this only ui field and jungle. 
It is thought that the scarcity of pyretlirum is to be 
expected for an indefinite period. 

\Vc thus find that wc. will have no choice left 
but to use thiocyanate compounds which all come 
from America and for which we must be prepared 
to pay high costs. 


Nkkd vor Rksh.\kch 

To cope with the tremendous damage done by 
insects, the individual will always look to the State 
for guidance and advice. Without adequate know- 
ledge of the life and the habits of the attacking 
insects it is. impossible to formulaic any rational 
mea.sure of control. As far as the enlomological 
part of the subject is concerned, the chief recpiisites 
arc a familiar aipiaintance with the common injurious 
insects and especially a thorough knowledge of their 
life histories. The latter may be considered as a 
foundation of the whole structure of economic ento- 
mology. In order to attack an enemy we have to 
know its weakest point and also the conditions 
favourable for its groW'th, multiplication and 
dispersion. 

While the knowledge of the habits of insects 
provided by the entomologists is of con.siilerable 
interest, it would be of little value without the co- 
ojieration of the chemist who provides the lethal 
weapons necessary for their destruction and produces 
new and more effective remedies. 


MEDICINE AND PUBLIC HEALTH 


A NEW ANTl-BACTERIAL SUBSTANCE 

Titk discovery of a new aiili-bactcrial substance, 
called chlorcllin, resembling penicillin in its action, 
has been announced in Science, April 28, 1044, by a 
group of twelve scientists w'orkiiig on this problem. 
The substance is produced from a very common one- 
celled fresh-water alga known as chlorclla, from 
w'hich the new substance derives its name. The 
investigating scientists used cultures of two species 
of this lowly plant, Chorella vulgaris and Chorella 
pyranoidosa. Classes of the cells w^ere grown in five- 
gallon tanks and then filtered off. The remaining 
water was then chemically treated to extract w'hal- 
cver compound might have been left in it. Clilorelliii 
was obtained in the extract, and in the crude condi- 
tion it appeared as a brown stuff, sometimes tacky 
and gummy, sometimes hard and brittle. 

Trials with chlorellin in solution on test cultures 
of several kinds of bacteria clearly indicated its bac- 
teriostatic action against such organisms as strepto- 
coccus and staphyloccibcus. In this respect it re- 
sembles penicillin closely. It has been further sug- 
gested that, unlike penicillin which is only bacte- 
riostatic, chlorellin may actually kill the germs. 

The extracts thus far obtained are crude, and 
large-scale production and the practical use of this 


auti-bacterial substance in medicine are yet to be 
made ])ossiblc by further researches. The most in- 
teresting fact about chlorcllin is that it is found in 
a green plant able to manufacture its own food out 
of natural raw^ materials. All previously discovered 
compounds, including i>eiiicilliii, are made from 
moulds, st)il l)acteria, and other plants which rofiuire 
to be supplied with ready-made foods in the form of 
glucose solutions and the like. 


CAUSE OF CANCER 

•Rkcen'i* studies by Dr Konrad Dobriner and Col. 
C. V. Rhoads, of the Memorial Hospital, and by 
Dr S. I.ieberman, Dr H. R. Hill and Dr L. F. Fie.scr, 
of Harvard University, seem to favour production 
line trouble in tlie body’s endocrine glands, parti- 
cularly the adrenals, as a probable cause of both 
cancer and leukaemia. The results of these studies 
have been recently reported at the Atlantic City 
meeting of the American Society for Chemical 
Investigation, according to Science AVt*'.? J.cttcr. 

The basis for such a view" is the newdy observed 
fact that kidney excretions of cancer patients con- 
tain chemical substances which arc not found in the 
excretions of normal persons. Furthermore, there 
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exists a marked dilfercncc in the amounts of certain 
hormone chemicals excreted l)y normal persons and 
by cancer and leukaemia patients. The K^ands of such 
patients are supposed to i)roduce cancer-causing 
chemicals instead of liarmless chemicals they should 
have nortiially manufactured. The j^lands involved 
may be sox glands or the adrenal glands or both. 


Faulty function of the cortex of the adrenal glands 
is particularly suggested. These evidences seem to 
be in agreement with the recent observation of Dr 
James B. Murphey, of the Rockefeller Institute, that 
the development of transplanted leukaemia in rats 
could be prevented by injections of adrenal cortical 
hormone. 


UNITED NATIONS RELIEF AND REHABILITATION ADMINISTRATION 

Kki'ort of thk Sub-Committek on Por.rciEs with 
RESFEC r TO Hk/VLTII AND MrDICAL CaRK 


[The finst sc.s.sion of the Council was held 
at Atlantic City, New Jersey, U. S. A., from 
November lo to DecemlKT i, 1043. Forty-four coun- 
tries including India, signed the Agreement. Mr 

Dean Acheson, Assistant Secretary of State of the 
T'. S. A. was the Chairman of the first session. Sir 
Girija Shankar Bajpai refjre.scntcd India. In all, 

47 resolutions were adopted. Four main Coinniittees, 
with several sub-commiUccs, were formed to dis- 
charge the functions of the Council. We shall pre- 
sent the readers today with the Report of the Sub- 
committee on Policies with respect to Tleallli and 

Medical Care. In llic next issue we propose to 

imblish the feeport of the vSuh-Coiimiittce on Policies 
relating to Agricultural Reliabilitation and other 
means of raising food essential to relief. — Kd. Sc, 6 f 
Cul.] 

SCDI’E OF TIIK IlEAI/UI WoRK OF UnRRA 
T™ health work will necessarily constitute one of 

the primary and fundamental responsibilities of 
tile CxRRA. The relief and rehabilitation programme 
mu.st aim toward the iiiaxiimiin of health security 
within the practicable limits of the resources of the 
United Nations. 

This programme would consist chiefly of the 
provision of assistance to governments in the rajnd 
re-eslablishment of their health services, generally 
pre veil live and curative. The.sc services include not 
only disease control and relief from malnutrition, but 
also the re-eslablishiiient of medical services, hos])i- 
tals, dispensaries, sanilon’a, health centres, labora- 
tories, environmental sanitation, inalernily and child 
welfare services, the control of endemic disease.s, par- 
ticularly tiil)erciilo.sis and venereal diseases, and 
other e.<«sciitials for health. For this purpo.se Unrra 
sliould ])e prepared to give assistance in connection 
with eMiiipmcnt and suppHos, personnel, cxiiert 
advice, I’acililies for technical training, and the collec- 
tion and disseioinalion of information bearing on the 
above problems. 

One of the aims of Unrra should be lo equalise 


o/'portunily for tlie restoration of health in the 
various countries. This will involve a sharing of 
responsibilities and equitable distribution of goods 
and other assistance in proportion to need and in 
accordance with a co-ordinated plan. 

Among the most important functions of the 
Health Organization of Unrra will l>e work in con- 
nection with the control of epidemics, particularly 
those alTecling more than one country. Early 
examination will have lo be made of the best method 
of collecting, analyzing and collating such reports 
regarding epidemics as may be available from any 
.source including such information as iho military 
may find it j)ossiblc to furnish, and subsequently 
distributing this information for the use of ineinbcr 
governments as well as Unrra itself. 

Furthermore, the Health Organization will 
sponsor promjUly the conclusion of emergency agree- 
inenls among the various governments establi.shing 
uniformity in the f|uaraulinc measures to be ob.serv- 
ed niiioiig them. In addition, the Health Organi- 
zation will seek to co-ordinate the steps taken by 
countries mutually concerned in the control of out- 
breaks of infectious diseases. Moreover, Unrra 
may be called upon to provide urgently needed 
medical .supplies for meeting an emergency. In 
view' of the obvious importance of dealing rapidly 
with epidemics, it is essential that the Health 
Organization has at its immediate disposal trained 
personnel and material. 

The Health Organziation may be called upon 
to provide for the loan of experts to various coun- 
tries, particularly in cases where diseases have been 
introduced for the first time as a result of the war, 
and with the control of which neither the National 
Health Authority nor the local practitioners are 
familiar, or where diseases, . already endemic have 
reached epidemic proportions. 

The medical aspects of nutrition will constitute 
one of the chief preoccupations of ' the Health 
Organization which will be urgently concerned with 
the provision of nutritional standards adequate for the 
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maintenance of health in the territories in which it 
operates. 

The Health Organization in collaboration with 
the member governments concerned will play an 
extremely important part in the health supervision, 
and control of returning displaced persons. In this 
connection it will be important to co-ordinate the 
health measures taken in the country of departure, 
the countries of transit, and, if the government con- 
cenied so desires, in the country of distinction. 

The special health needs of children and expec- 
tant and nursing mothers must be given early re- 
cognition by the Health Organization, Prompt’ and 
adequate provision for the health and nutrition of 
these vulnerable groups is essential to the restora- 
tion of normal family life and community stability. 

The problems of health among orphan children 
will be acute and must be dealt with in close colla- 
boration with other functional units of Unkka. 
Special measures will be required to deal with com- 
municable diseases among all children, particularly 
those* who arc lowered by malnutrition. This may 
well be intensified by over-crowding, and the lack 
of clothing and of other essentials for health and 
normal development. 

Although it may be nee'essary at the outset to 
deal with the health problems of mothers and 
children through group arrangements, including 
maternal and child health clinics, feeding stations 
and other emergency provisions, yet as soon as 
possible, such care should be individualized to meet 
the needs of each. The Health Organization should 
participate in the development of Unrra plans for 
providing food for these special groups in order that 
food policies may be maintained in consonance with 
their sixjcial physiological needs. 

The Health Organization may also be called 
upon by member governments to assist in dealing 
with the conditions of anxiety, fear and emotional 
disturbances which will have arisen^ in peculiarly 
great fretpiency among the children and youth of 
occupied territories. 

A constant objective of the health programme 
should be to demonstrate the effectiveness and need 
for international collaboration in public health. In 
so doing it will facilitate the later development of a 
permanent world-wide health organization. 

Policies with Respect to Governmental and Non- 
governmental Health Organizations — ^Relation- 
s^ps with National Health Service. 

• It is the duty of national health services to 
assume full responsibility for public health within 
their countries and Unrra should assist in the effec- 
tive prosecution of these activities directed to this 

6 ' 


end whenever this is requested by a member govern- 
ment. 

Whenever possible the national and local health 
services should be the channel through which the 
health work of relief and rehabilitation operations 
are carried out, and il should be a constant objective 
of the Health Organization to assist in strengthening 
these services. 

Collaboration between Mkbiber Governments in 
THE Control of Epidemic Diseases 

Since diseases are not limited hy political boun- 
daries, member govcnimenls must collaborate fully 
in the joint adoption of measures designed to control 
the international spread of disease especially through 
the exchange of epidemic intelligence so far as mili- 
tary security permits, joint action in connection with 
the health aspects of rct>atriation of displaced x>ersons 
and where necessary direct -collaboration between tlieir 
national health services. Such necessary co-ordina- 
tion and combined action could best be arranged by 
the creation of a special section in the Health Orga- 
nization of Unrra for epidemiological control. 

Co-operation with Governmental International 
Health Agencies 

Co-operation with existing governmental inter- 
national health agencies should be fostered. The 
Health Organization of the League of Nations, the 
industrial health section of the International Labour 
Office and the Pan-American Sanitary Bureau have 
much to offer on the basis of their long experience 
and accoinplishnicnts. In view of the importance of 
nutrition from a health point of view, co-operation 
should be sought with the Interim Commission estab- 
lished by the United Nations Conference on Food 
and Agriculture, and with any |)ernianent organiza- 
tion which may succeed it. Co-operation with the 
International Public Health Office in Paris is, of 
course, out of the question at the present time.* 

Co-operation with Non-governmental Health 
Agencies 

The wide experience and goodwill of the non- 
governmental health agencies should be utilized to 
the utmost as it is clear that the full participation of 
all such agencies may well be needed. In accord- 
ance with the terms of the Agreement, plants and 
policies should be developed whereby the resources 
of such organizations may be used effectively in those 
health as{>ccts of relief and rehabilitation in which 
they have special competence. 

* Paris was under German occupation at the time when 
the report was submitted. With the liberation of Paris, the 
question of co-operation with the International Public 
Health Office in Paris may be revived. 
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General Functions of tiik Health Organization 


The Rcneral functions of the Health Organiza- 
tion should include : 


(a) rcsixjiisibility for the health aspects of all the 
work of Unrka; 

(h) asseiiibliiig of cfitiiprehensive data on the health 
and iiiedi<’nl organi/atioii of the various 
countries, including inforiiiation on hospitals, 
dispensaries, health centres, laboratories, sanitary 
instalUitioiis apd scientific institutions ; the 
nuinlicrs anil kinds of local technical personnel; 
and the local prcNluetioii and distribution of 
sanitary and medical supplies. 

(r) (’olicctioii of infonnatioii on health conditions in 
the various territories, including data on 
epidemic diseases, nutritimi, sanitation, maternal 
and chihl health, luljerculosis and other diseases, 
the care of the sick and physically handicapped, 
the local production and distribution of medical 
and sanitary supplies and all related matters; 
((f) over-all estimation of the amounts and kinds of 
medical and sanitary supplies needed, and the 
arrangement for their procurement, ullocaltou, 
trail .sporlat ion anil distribution; 

(r) recruit meiit of technical and professional per- 
sonnel, establishnieiit and conduct of training 
programme, assignment of personnel to specific 
fields of operation, and the general direction of 
health oi)erali<ins in the field; 

(/) preparation, in collalx>ration with the respective 
member governments, of plans for health relief 
and rehahiliiatioii for specific countries; 

(g) where consislciii with IJnkka policy and within 
the general framework of its field operations, 
temporary general administration of health 
services in areas where, national or local health 
.services are not yet functioiiiug effectively; 

(/i) resfioiisibilities in coniiectkjii witli the health of 
displaced persons ; 

(f) preparation of reconiniendations to the Council or 
to the governments concerned for any emer- 
gency interiiatioiial agreements necessary to 
control the spread of disease; 

(/) provision of experts or cxfiert teams at the request 
of a iiationiil government; 

(k) assi.stunce in the control of epidemics; 

(/) carrying out of the general health policies of 
Unkka in relation to co-operation with the 
lienlth service of the appropriate inler-.\l1ied 
’ ^ military authority; intemalioiial governmental 
hea/.*^' agencies; inlernationnl and national non- 
govcn7A*^^*'*®^ health agencies; and other Divi- 
sions of I €Uf?aged in activities related to 
llic lieallli fie'nil food and agriculture, 

welfare, and 


PotlCIBS RbgARTMNG THB OROANIZAnO! 

Unrra >1. 

The re-establishment of hca *’”"**' 
priiiciiMl objects of relief work*^^* “ essentUl 
the status of the Health Organizkti!”” J 

mensurate tvith its in„>orta..ce in '§ 1 '^ 

Whole aditiini.stration. 

■ It IS a recognized principfc of adniiiw'*^^f° 
Ml work of a technical character be caiS^ '^ 


technical directions. In view of the fact that almost 
every aspect of the work of Unrka will necessarily 
have health implications (programming, supplies, 
]>ersonnel, training, co-operation with governments, 
field operations, etc.), the Director of Health must 
l)p accorded a position in the administration which 
will enable him under the authority of the Director 
General, to develop suitable policies and to e:|^rcise 
l>roper technical direction over all health aspects of 
the work of Unrra. 

The Health Organization should consist of a 
Director of Health and a technical and administrative 
staff, a standing technical Committee on Health of 
the Council which would be advisory to the Council, 
to the Central Committee, and to the Medical Director, 
and the necessary regional organization. Experience 
has shown that a considerable degree of decentraliza- 
tion is desirable in health administration, so that 
strong regional organizations will be needed in areas 
such as Europe and the Far East. 

Director of Health of Unrra — There should be 
in the administration a health organization with a 
Director of Health, who should be accorded a posi- 
tion in the administration, which will enable him, 
ipidcr the authority of the Director General, to 
develop suitable policies and to exercise proper tech- 
nical direction over all health aspects of Unrra. 

Acting under the authority of the Director 
General, the Director of Health would be responsible 
for the health and medical a.spccts of all Unrra 
activities. He would be directly concerned in all 
major policy and administrative decisions in which 
health, medical, or nutrition problems are involved. 
It follows that the status and success of Unrra from 
the health point of view depend on obtaining the 
services of a Director of Health of the highest pos- 
sible professional standing, whose previous work is 
such as to command the respect of those qualified 
. to judge, both from ? technical and administrative 
point of view.^ 

Regional Health Directors. — A Regional Health 
Director should be appointed to each Regional Orga- 
nization ; his position should be relatively similar to 
that iiroviied for the Director of Health. 

Executive Health and Secretarial Staff . — ^Tlic 
greatest care will be required in selecting health 
])crsonnel for field work in the various countries. 
Technical competence is fundamental, but almost 
equally imiiortant is the ability to work in a team 
with others of a different nationality as the staff will 
necessarily include health personnel from a number 
of countries. This qualification is of primary impor- 
tance for members of the staff required to work away 
from Headquarters, for they must be able to under- 
stand the outlook of the people among whom tfiey arc 
called upon to work. In comparison with this^iuali- 
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fication, a knowledge of languages, though a valu- 
able asset, is of secondary iuiiiortance. 

During and immediately after the war, it will 
be by no means easy to find health personnel who 
possess such divergent capacities. In order to enable 
Unrra to obtain promptly the necessary staff, the 
various member governments should facilitate the 
secondment or otherwise make available health per- 
sonnel both from central and local health authorities, 
including short-term appointments. 

Field Missions . — The organi/.ation of health mis- 
sions and the constitution of individual missions 
should be the responsibility of the Director of Health 
or the Regional Directors of Health, acting under 
the authority of the Director General. ^ 

With regard to the field rirganixation, however, 
it is impossible to anticipate what types of individual 
or 'Special missions may be required. Member gov- 
ernments* may well ask for highly technical assistance 
ill almost any branch of medical .or sanitary science, 
particularly in view of the isolation of many of their 
own experts during the years of war. The Health 
Organisation of Unrra should, therefore, collect in- 
formation regarding individual experts and expert 
teams which might be made available for service in 
the field should the occasion arise. 

Standing Technical Commtlice on Health . — 
standing technical Committee on Health should be 
appointed as provided for in the Agre<jjiient. For 
efficient work the number of members should be 
limited to between g and 15. Chairmen of the Re- 
gional Health Sub-Coiiniiittces should be included in 
the inember.ship of the standing Technical Committee 
on Health. As the Agreement provides that the 
Council can appoint as meinbefs of the Coniniittce 
on Health alternates of special competence in their 
respective fields of work, it is urged that members 
should nominate the Committee alternates technically 
capable of aiding in the deliberations of the 
Committee. It is of the greatest imi>ortance that 
such alternates as are nominated be accredited as re- 
presentatives of their respective Public Health 
Services. 

Regional Health Sub-Committees . — Since expe- 
rience has proved the desirability of a considerable 
degree of decentralization on health >adininistration, 
particular attention should be paid to the setting up 
of strong Regional Health Organizations including 
Regional Health Sub-Conuuittees. Undoubtedly the 
Regional Health Sub-Committees consisting of from 
9 to 15 members sdould be made up of accredited 
representatives of the national health administrations 
concerned. Tlie importance of such representation is 
obvious in the case of epidemics involving more than 
one country, for these circumstances success in pre- 


venting the .s]>read of the npidcmic will involve com- 
bined action by the several health administrations 
concerned. ^ 

Both the central standing Technical Committee 
on Health and the Regional Health Sub-Committees 
should make it a practice to involve the participation 
of representatives of the health services of any coun- 
tries in meetings at which important measures direct- 
ly affecting such countries arc discussed. 

Expert Commissions . — In view of the highly 
technical character of the health work of Unrra it 
will be essential for the standing Coinmillec on 
Health and any Regional Health Siih-connnittcc to 
have authority to appoint expert cominissioiis. The 
nieinbers of those expert coiiiniissions should be nomi- 
nated as individuals and .solely on the ground of 
their special knowledge of the subject concerned. As 
members of expert comnussions speak as individuals 
only, there is no necessity to make gny such coniinis- 
sion even approximately representative of a number 
of countries, except so far as this may be necessary 
in order to get a balanced representation of several 
schools of scientific thought. National and adminis- 
trative views would be represeiitatcd by the standing 
Technical Committee on Health and the Regional 
Health Siib-cominittces, and it is for this reason, 
among others, that recommendations of experts or 
expert commissions should invariably imss through 
the Commiliee on Health or the Regional Health 
Sub-commiltcc, as the case may be, before their final 
acce])tancc. 

Among others, expert coniniissioiis on nutrition 
will be required which, in view of the wide differ- 
ences obtaining in Ibe food habits and nutritional 
status between various parts of the world, might be 
regional in character. These experts would deal with 
the scientific and ])hysi()logical aspects of the nutri- 
tion problem and uoiild gi\'e advice in connection 
with any i)roposcd alterations in the constitution of 
rations, the priorities of si)ecial rationing and the 
clas.ses of the i)opulutio]t requiring special considera- 
tion, r.g., cxi)ectant and nunsing mothers, infants, 
cases of tuberculosis, deprivation diseases, etc. 

Consideration should be given to the constitution 
of an expert conimi.s.sion dealing with the health of 
mothers and children which might be related to com- 
parable groups of experts dealing with other aspects 
of -maternal and child care. 

Conference of Directors of National Public Health 
Services . — ^Provision should be made to enable the 
Director of Health under the authority of the 
Director Getieral and with the approval of the Council 
to summon, either centrally or regionally, a confer- 
ence of Directors of National Public Health Services 
whenever practicable and desirable. 
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IiTMBDiATB Tasks up Tint Hkalth Organization 

Tile tasks calling lur imm^iate Mtiou include : 

(a) Selrctiun of a Director of Health, and the recruit- 

meiit of a competeut staff, utilizing the full 
resources of the United Nations so far as they 
call be made available at the present time. 

(b) Immediate provision of help upon request of any 

member government in order to meet emergency 
health problems which have actually arisen as 
the result of the war. 

(c) Collcc'tion and assembly of all information avail- 

able on those areas likely to be liberated first 
and scientific data which may be of value to 
the Health Organization. 

(d) Conferences with appropriate Health Ofiicials of 

the member governments concerned with regard 
to the nature and amount of assi.stance that 
may be required of Unkka. 

(e) Recruitment and training of personnel for field 

missions. 

(/) Study and collection of previously prepared esti- 
mates of health, meilical, and sanitation supplies, 
and arrjingemeut for their scheduling and pro- 
curement, with emphasis upon the importance 
of rapidity in forward procurement particularly 
in respect of supplies required for the control 
of et>idemics. 

(g) Collaboration with the Allied Military Authorities 
for the collection of information regarding the 
existing condition.s in liberated areas, the pre- 
valence of epidemics and the arrangements for 
the orderly transfer of any health responsibility 
to Unkka. where this is so requested by the 
member government or the Military Authorities 
themselves. 


(h) Training of nationals of the various countries in 

special medical and allied technical work. 
Whilst facilities have already been mule avail- 
able in connection particularly with training in 
the making and fitting of artificial limbs, train- 
ing in the use of mass radiography apparatus, 
laboratory technical assistants, etc., yet it is 
felt that this service should be greatly increased 
so as to cover a much wider scope in order 
to provide the technicians who will be required 
for medical relief work immediately a country 
is liberated; for this purpose it would be desir- 
able for some governments to assign certain of 
their nationals for training, and for others to 
offer facilities for such training. 

(i) Obtaining of medical literature dealing with the 

progress of medicine and hygiene during the 
years of war for tlie liberated countries. For 
this purpose the Health Organization of Unrra 
. should give immediate consideration to the 
possibility of collecting selected periodicals on 
the various branches of medical and sanitary 
science. 

Even though it may not be possible for Unrra 
to meet all the relief and rehabilitation needs of the 
populations affected by the war, nevertheless by 
approaching the tasks through the wise use of the 
technical resources of the United Nations, mobilized 
and engaged in the same spirit of co-operation as 
they arc now devoted to the i)rosecution of the war, 
it should be possible, in the public health sphere, to 
attain comparable success in the war against disease 
and for the. restoration of health. 


• LETTEBS TO THE EDITOR’ 

[The editors are not responsible for the views expressed in ihe letters J\ 


MEASUREMENT OF H. F. MAGNETIC SUSCEPTIBIUTY 
OF LIQUIDS AND SOLUTIONS BY HETERODYNE 
BEAT METHOD 

Though heterodyne beat method is extensively 
used in Gxi)crimcntal determinations of the^ielectric 
constant of solutions and liquids at high frequencies, 
it has been tried and found inconvenient for the 
ineasurement of their h.f. magnetic susceptibility. 
Recently, however, several workers^** have success- 
fully used this method to measure the h.f. suscep- 
tibility or permeability of magnetic substances in 
form of thin wires. When these wires are introduced 
into suitably designed inductances of the oscillatory 
circuits, changes in beat note is observed and original 
conditions are restored by adjusting the value of the 


calibrated variable condenser in the circuit. From 
the knowledge of the cliange in capacity required to 
get the Oiiginal condition and the dimensions of the 
wire and inductance h.f. susceptibility of the wires 
may be easily calculated. In case we want to 
measure the h.f. susceptibility of liquids or solu- 
tions, they must be introduced into the inductance, 
in tubes of much greater diameter than that of wires, 
in order to get any appreciable effect. This willf 
however, produce considerable electrostatic capacity 
between the inductance and the experimental liquids 
and the inductance effect may be obliterated. In 
order to eliminate the capacity effect, Belz* used 
inductances wound over glass tube which was thinly 
coated (thickness of the order of 7 x cm.) with 
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platinum, the latter being connected to the earth. 
The inductance was thus electrostatically completely 
shielded from inside. The selection of platinum and 
extreme thinness of the dim were necessitated by the 
fact that the coated conductor should not reduce the 
magnetic field of the inductance by any appreciable 
amount. If Ho is the intensity of the magnetic field 
of the inductance at the surface of the conductor 
and Ht the corresix}nding -^uc at a depth t inside 

the mass then Ho/H=e-“*~- 1 where, ft and o 

represent the permeability and specific resistance 
respectively of the conductor and p=2»rn, n being 
the frequency. For platinum /a==t,« =11,000 e.g.s., 
e.m.u. and if n=4’84x 10® per sec. (as used by Bclz] 
within the shield for t = 7x lo"* cm., Ht/Ho=o'9g97, 
that is very nearly equal to unity. It may be seen 
that if -higher frequencies are used the ratio will 
recede further from unity and the variation of the 
magnetic field due to appreciable absorption by the 
.shield is bound to introduce errors in the experi- 
ment. 

The present authors, while carrying out exixiri- 
meiits on the measurements of the h.f. magnetic 
susceptibility of solutions and licjuids, have devised 
an arrangement which appears to be quite effective 
in shielding the exi)eriniental liquids from the 
electrostatic influence of the inductance and is much 
more convenient and easily manipulated. The ar- 
rangement consists of a double walled glass tube, — 
the annular siiace being filled with a non-magnetic 
solution like KCL or NaCl solution and connected 
to the earth. The width of the annular space is 
about T mm. The inductance wire is coiled on the 
outer tube and the inner one contains the exiniri- 
mental liquids. For a solution of NaCl used by us 
or was found to be 14*2 xio* e.g.s. e.m.u. and here 
Ht/no=o’97i4 even for a wave length of 100 meters 
(n=3 X 10* per sec.) and for a thickness of the liquid 
(forming thar shield) equal to i mm. It is unnecessary 
to discuss here the diffetence in the procedures and 
calculations between cases when -wires or solutions in 
thin tubes are used from those in which solutions in 
wider glass tubes arc employed. 

B. N. Singh 

IrALiT Prasad 

Physics Laboratory, 

Science College, 

Pitna, 3 - 8 - 1944 - 

' Wait, G. R., Pfcy. Rev,, 29, 566, 1627. 

‘Wait, G. R.. Rrickwedde, P. G. and Hall, E. I/., Phy, 

Rev., 32, 967, 1928. 

‘ Bela, M. H.. Phtt. Mag,, 44, 479. 1922 


HOW TO MANURE A POND FOR FOOD OF FISHES 

In order to manure a pond for food of fishes one 
may put bundles of dried straw tied with a string 
round them in the tank, so that at the time of need 
these bundles may readily be removed without scatter- 
ing. Such dry bundles of straw in water make a suit- 
able medii\m for culturing i)rotozoa‘ like Paramoe- 
cium, Vorticella, Colpoda etc. Dried water-hyacinth 
'or pi.stia may be pul in the .same way in water of the 
pond in order to gel a culture of minute Crustacea 
like Daphnia.^ Stable refuse or kitchen refuse has 
the effect of culturing both algae and protozoa. 
Sewage water also accelerates the growth of algae 
more rapidly than anything else. So that by gradu- 
ally adding some (juantities of sewage or stable refuse 
in a ix>nd, the water could be turned green. This 
green colour indicates that no more such manures 
need be added. Putting cowdiing or mustard- 
oil-cakes in the pond renders the growth of algae, 
protozoa and Crustacea. In addition to the above 
mentioned articles of food of fishes all these manures 
assist in the excessive growth of acpiatic higher plants 
which also form, not in fresh condition but when 
they are tran.sfornied to a state of semi-rotten con- 
dition* the main bulk of food of adult lierbivorous 
fishes. 

Now the (iuestion is whether all the above pro- 
ce&ses of manuring ponds justify, when we know 
that nearly 95% of our ponds in Bengal are kept for 
the purpose of procuring drinking water as well as 
for pisciculture. If that be so, we ought to take every 
precaution and should not advocate manuring of 
ponds by stable refuse, kitchen refuse or sewage 
water which renders the water of the ponds unfit 
for drinking imrposes. This will do more harm than 
good. 

In order to have the desired culture of algae we 
can take the recourse of having algae culture in 
gamlas with Knop’s or Moorc*s solution. Dried straw 
or dried water-hyacinth may not pollute water if given 
in minute proportion, but it is desirable to have the 
protozoa and crustacca culture in gamlas so that 
after their culture they may be transferred to ponds 
for further multiplication. So it comes to this, that 
there arc two sets of ponds(i) ponds for the pur- 
pose of pisciculture only, (2) ponds for the purpose 
of both pisciculture and drinking water. For the first 
.set of ponds we can use stable refii.se, kitchen refuse 
or even sewage water and also dried bundles of 
straw or water-hyacinth directly in the water of the 
lK>nd, as for the second set of ponds wc ought to be 
very cautious about ijollution of water. We should 
use salts for culture of algae, dried straw or water- 
hyacinth for protozoa and crustacea cither in hundies 
or gamlas to be ultimately transferred to ponds. 
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Every ])isciciiltiirist to remember that for 

the sake of fish wc cannot pollute our drinking; water. 

H. K. Mookkkjki^. 

Zoology Department, 

Calcutta University, 

7.8-1944- 

• Calcutta Review, 84, No. 3, 1942. 

* Science and Culture, 9, 558, 1944. 

" SCfKNCK AND CULTURE, 9, 306, 1944. 


SULPHANILAMIDE DERIVATIVES FOR THE TREAT- 
MENT OF INTESTINAL INFECTION 

SuLPiiAOUANiDiNiC, sulphapyridinc, succinylsul- 
])hathia/.olc and phthalylsulphathiazole' have been 
found to tie useful in the treatment of bacillary 
dy.sentery and other intestinal infections. Stovarsol 
(.Vacetylamino-4-hydroxyphenylarsonic acid), which 
has been reiKirted to produce favourable effects in the 
treatment of amoebic dysentery, is not entirely 
innocuous. 

In order to obtain a drug which may prove effec- 
tive both in amoebic and bacillary dysentery, 
3 - />-acetylaminobenzcnesulphonainido)-4-hydroxyi)he- 
nylarsonic acid, m.p. 168-170® (decomp.) (found : 
N, 6*21 ; As, t7*6o. Cj4 Hi., O, Nj S As requires N, 
6*51 ; As, 1 7 ’42 per cent) has been obtained by 
condensing /)-acetylaminobcnzcncsulphonyl chloride 
(r mol) with 3-amino-4-hydroxyt)henylarsonic acid 
(i mol.) in presence of aqueous solution of sodium 
carbonate (i mol.). On hydrolysis of the above com- 
IKiund with 10 per cent hydrochloric acid and subse- 
quent treatment of the hydrochloride with sodium 
acetate, 3 - />-aminobenzenesulphonamido)-4.1iydroxy- 
phenylarsonic acid, m.p. 182-183® (deconip.) (found : 
after drying in vacua at ito®, N, 6*79. Cjj Hi., 0 ^ 
Na S As requires N, 7*21 per cent.) has been 
obtained, the pharmacological examination of which 
is under investigation. 

S. L. Uasker 

T. N. Ghosh 

llcngal Immunity Research Laboratory, 

Calcutta, 7-8-1944. 

* Polli and Ross, Proc. Amer. Sac. Pharmacol. Fedcr. Proc., 

Haliimore, 12, 89, 1943. 


THE EFFECT OF QUININE SULPHATE SOLUTION ON 
HYDRA VULGARIS, PHASE ORIENTALiS 

The effect of different strength of solution of 
toxic substances like quinine, strychnine, nicotine 
and venom on some protozoons has been studied by 
a few workers (Kriz* ; ' Philpott* ; Chopra and 
Chowhan* •• ^ ; and Sarkar^). But, *so ftir I am aware, 


no one lias studied the effect of such substances on 
any Coelenterate material. The object of the present 
communication is to record my observation on the 
effect of the different strengths of qttinine sulphate 
solution on Hydra vulgaris, phase orientalis. 

Different grades of quinine sulphate solution 
were prepared in distilled water for each set of ex- 
Iierinients. Three sets of experiments were carried 
out with three Hydra in each set and their average 
death time are noted below (Table i). 


TABLE I 


Serial Nos. 
of eaeperi- 
ments 

Strength of 
the Bolntion 

Mxnimnni 
death time 

Maximum 
death time 

1 

I 

1 in 1.000 

9 min. 

12 min. 

10*5 min. 

11 

1 in If ,500 

12 min. 

16 min. 

14 min. 

III 

1 in 2,000 

‘ 1 hr. 15 min. 

1 hr. 30 min. 

1 hr. 22*5 min. 

IV 

1 in 2,500 

1 hr. 25 min. 

1 hr. 30 min. 

1 hr. 35 min. 

V 

1 in 3,000 

1 hr. 30 min. 

1 hr. 55 min. 

1 hr. 42*5 min. 

VI 

t in 5,000 

2 hr. 

2 hr. 35 min. 

2 hr. 37*5 min. 

vn 

1 in 10,000 

6 hr. 30 min. 

7 hr. 

6 hr. 45 min. 

VIII 

1 in 25,000 

10 hr. 30 mill. 

12 hr. 

11 hr. 15 min. 

IX 

1 in 50,000 

26 hr. 

29 hr. 

27 hr. 30 min. 


From the above table it may be observed that 
there is a sudden leap of the average death time from 
14 minutes to i hour 22*5 minutes in the experiment 
No. II to III. 

It may be noted that all the Hydra died within 
certain definite iieriods according to the different 
strengths of solutions used by me. But before their 
ultimate death the organisms showed some reactions 
in their movements and behaviours in different 
strength of the quinine sulphate solution. It is well 
known that when Hydra comes in contact with any 
foreign object it at once contracts its body. But soon 
after it siiows the natural relaxation of its body. In 
the present experiments Hydra contracted at the 
first instance when they were transferred into the 
solutions of quinine sulphate from water, but the 
subsequent relaxation of their bodies disappeared 
pari passu with the gradual increase of the strengtli 
of the solution. 

In the natural state Hydra is found to attach 
itself by its base t6 some foreign object. In the 
aquarium it is found to attach even to the walls 
of the vessel. When Hydra were infroduced into the 
watch glass containing the quinine solution upto 1 
in 10,000 (Experiments Nos. I to VII) they never 
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tried to attach their bases to the surfaces of the 
glass. But after the introduction of the Hydra into 
the solution of r in 25,000 (Experiment No. VIU) 
they attached their bases to the surface of the watch 
glass after .some time. This shows that Hydra ca«- 
withstand toxic effect of quinine sulphate solution 
from I in 25,000 onwards. 

In all experiments it#was obsei^ved that just at 
the time of death the whole body assumed the shape 
of a bell and floated in the solution ujiside down. 
The tentacles were the organs which first manifested 
signs of paralysis. Later on, the tentacles gradually 
gave away to maceration, the body remaining intact 
and showing signs of life. Still later, the anterior 
part of the body began to macerate and when the 
body was allowed to stay in the solution for a suffi- 
ciently long time a complete dissolution of the whole 
body took place. This shows that the effect of the 
solution operates on the tentacles first and then 
gradually pervades on the body ; even then the dis- 
charged ncmatocysts of the tentacles and of the body 
remain unaffected in the fluid. 

The reactions and behaviours of Hydra' in 
different grades of solutions may be summarised as 
follows : 

• (i) Hydra can withstand the toxic effect of the 
solution from i in 25,000 onwards. 

(2) The tentacles are first i)aralysed, then gene- 

ral maceration of the body follows. 

(3) The discharged nematocysts remain intact 

in the solution even after complete 
maceration. 

This work was carried out in the Department of 
/oology, Cotton College, Gauhati, Assam. My best 
thanks are due to the College authorities for the 
facilities given to me for the work. 

H. L. Sarkar 

Department of Biology, 

Vidyasagar College, 

Calcutta, 17-8-1944. 

* Kriz. R. A., filter. NaturaliU, 58, 464-69, 1921. 

* Philpotl, Vroc. Soc. Exp. Uiol. Med., 26, 522-23, 1928-29. 

* (a) Chopra, R. N. and Chowliaii, J. S., Ind. Jour. Med . ' 

Res., 18, 1103-11, 1931. 

(b) Chopra, R. N. and Chowhan, J. S., Ind. Jour. Med. 

Res., 20, 1, 1932. 

*Sarkar, S. L., Archiv Protistenkunde, 87, Hi. 2, 268-71, 
1936. 


EFFECT OF SOLAR ECLIPSE ON THE IONOSPHERE 

A series of ionospheric measurements were made 
with the ionosphere apparatus at the University 
College of Science, Calcutta (lat. 22^ 33' N, long. 
88^ 22^ £) during the solar eclipse of July 20, 1944. 


CO/V7WOA DAYS 

eCUP^S DAY 



— CONTROL DAYS 
- ■ > " - ECLIPSe DAY 



Fin. 2. 

Figs. 1 and 2. Dfpicting llie variation of ionisation 
during the eclipse ])eriod. The broken line curve repre.senls 
the average variation of the square oPn.he critical {xnietm- 
tion frequency with time for the six control days— three 
days liefore and three days .after the date of the eclipse, 
July 20. 1944. The full line curve represents the ionisation 
varialion on the day of the eclipse. 
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The eclipse, as observed at Calcutta, was a partial 
one. At the instant of maximum obscurity 87*5% 
of the sun's disc was covered. Variations of the 
penetration frc(iuencjcs of ReRions-H and F, were 
made with the progress of the eclipse. The measure- 
ments were started one hour before the commence- 
ment of the eclipse and were continued at intervals 
of about 20 mifutes up to one hour after the eclipse 
was over ; the observations were made more fre- 
quently about the middle of the eclipse. Observa- 
tions were also made 3 days before and 3 days after 
the eclipse during the same local hours to check the 
average condition of the ionosphere. 

The variation of ionisation of both the regions 
was' found to be (luitc normal on the control days. 
On the day of the eclipse, during the hours preceding 
the start of the eclipse the ionisation of Region-E 
was found to be slightly less and that of Region-Fa 
slightly greater than the average ionisation as 
recorded from the control observations. With the 
progress of the eclipse, however, the ionisation of 
both the regions fell below the normal values. For 
Regioii-K the ionisation decreased smoothly and the 
minimum was attained 10 minutes after the eclipse 
maximtiin. The minimum of ionisation was about 
43% below the normal value. For Region-F, the 
maximum decrease observed was 30% and it occurred 
14 minutes after the eclipse had reached its 
maximum. 

Fig. I depicts the sharp minimum in the ionisa- 
tion of Region-E. For the case of Region-Fj (Fig. 2) 
however, the minimum is not as marked as in the 
case of the Region-E, though the ionisation is found 
to be depressed appreciably below' the normal value 
during the eclipse period. 

Tlie observations were undertaken at the sug- 
gestion of Prof. S. K. Mitra and the authors take 
this opportunity of thanking him for x^i^oviding 
facilities in the Ionosphere Ealwratory to carry out 
the observations. 

S. vS. Bakau 
S. N. Mitra 

Wifeless Laboratory, 

University College of Science, 

Q2, Upper Circular Road, 

Calcutta, 7-9-1944. 


COEFFICIENT OF RECOMBINATION OF N,+ (X0 IONS 
AND ELECTRONS IN. THE AFTER-GLOW OF 
ACTIVE NITROGEN 

According to the hypothesis of active nitrogen 
recently proposed'^ by Mitra* the positive ions of 
disappear in the volume of the gas by a 


process of three-body collision in course of which the 
first positive bands, the characteristic spectra of the 
after-glow are emitted. The coefficient of recom- 
bination process can be calculated if the rate of decay 
of the glow is known (when the wall effect is 
minimum). 

Lord Rayleigh,* in his extensive series of 
measurements on^the variation of brightness of after- 
glow under different experimental conditions, has 
made quantitative measurements of the rate of decay 
of after-glow of active nitrogen when the wall effect 
is minimum. In the present note these data are used 
to compute the coefficient of recombination. The 
data (p. 5, ref. 2) are as follows : 

Time (secs.) o 2*4 4*2 6*4 9*8 22*4 

Candle power 
of glowing 

gas I ‘06 ‘359 *203 *090 'osi ’013 

To calculate the coefficient w'e note tliat if n be 
the number of positive ions or electrons per c.c. 
(assuming the two to be same) and if each recom- 
bination of positive ion and electron is assumed to 
give one quantum, then the number of quanta q 

emitted i)cr c.c. per unit time will be, 

at 

Here <= coefficient of recombination and is 
independent of n. From the above it is easy to show 

that-- ( q~~\ ) = -/<. This means that if we plot 

q'i against i the curve will be a straight line and 
its slope will give . 

Let us take, after Rayleigh, the mean wave- 
length of the after-glow light, in the region of its 
maximum luminosity to be ^5560. Each emitted 
quantum has therefore the energy hv=3'57 ^ lo-'^erg. 
Remembering that i candle ix)wcr=2*02 x 10* erg 
per .sec. and that the volume of the gas was 19 litres, 
w'e can calculate q corresponding to each of the 
values (candle power) given in the second row of the 
table. Plotting q“i against i we find that the points 
lie very closely on a straight line. The slope of the 
line is 2 X lo’L Hence <=4 x 10“** cm 3/sec. 

My attention to the problem was drawn by 
Prof. S. K. Mitra for which I am thankful to him. 

J. S. Crattsrjeb. 

Wireless Laboratory, 

University College of Science, 

92, Upper Circular >Road, 

Calcutta, 7-9-1944. 

'Mitra, S. K., ScigNCS and Culture, 9, 49, 1943-44; 10, 
133, 1944; Ntttttw, 754, Aug. 12, 1944. 

■ Rayleigh, Ptoc, Roy. Soc., I, 176, 1, 1940. 



SUPPLEMENT 


Indian Science News Association 

PROCEEDINGS OF THE NINTH ANNUAL MEETING 


Ninth Annual General Meeting of the Indian 
Science News Association was held on Sep- 
tember 9, 1944 at 5-15 r.M. in the hall of the applied 
Chemistry Department at the University College of 
Science, Calcutta. 

In the absence of Dr S. C.' Law, President of 
the Association, Prof. P. N. Ghosh, Vice-President 
was in the Chair. 

Before the business of the meeting was begun 
all assembled stood in silence as a mark of respect to 
Acharyadeb and Prof. B. B. Ray. 

The proceedings of the last annual meeting 
were read and confirmed. 

On behalf of the Secretaries Prof. S. K. Mitra 
siiJbmitted the following report of the working of 
the Association and the audited accounts for the 
year ist July, 1943 to 30th June, 1944. 


Annual Retort 

The Council of the Indian vScience News Asso- 
ciation have much pleasure in submitting this, the 
Ninth Annual Report and the Statement of Accounts 
for the period July 1, 1943 to June 30, 1944. 

Obituary 

Before we proceed I would like to refer to the 
losses sustained by our Association through the hands 
of death. During the period under review we lost 
Sir P. C. Ray, our most revered benefactor, who had 
been a source of inspiration to us since the inaugura- 
tion of the Association. He showed his sympathy 
for our work in the most practical way by making 
handsome donations to our funds whenever we were 
in difficulties. The Editorial Board of Science and 
Culture has undertaken the publication of an autho- 
ritative biography of the late Acharya and this in the 
least that the Association could have done to show 
its gratitude. His memory is, cherished by our 
countrymen, but we, in particular who have special 
reasons to be grateful pay our respectful homage to 
his hallowed memory on the occasion of this Annual 
Meeting of ours. 

We also lost recently Professor B. B. Ray, one 
of the founder members of the Association and one 
of the. first Editors of Science and Culture. The 
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Association when started in 1935 had no room of its 
own, and Professor Ray allowed his sitttiiig room to 
be converted into office for Science and Culture. 
He gave his time and energy freely to the service 
of the magazine w'hich needed fostering care in its 
early days. Professor Ray*s memory will remain 
fresh in the minds of his colleagues and co-workers, 
and the Association mournfully records the belli and 
services it received from him. 

Member SHii* 

During the last year, i.c., 1943-44, 8 new mem- 
bers joined the Indian Science News Association as 
compared to 14 in the previous year. 

The number of life members at the close of the 
year under review was 110 compared to 103 on the 
corresponding date last year showing an increase of 7. 

Science and Culture 

The total number of copies of Science and 
Culture despatched in June, 1944, the last month 
of the period was 1127 as compared with 1041 in the 
same month in 1943. The number of subscribers 
in June, 1944 (including members of the Associa- 
tion) was 954, which represents an increase of lor 
since June, 1943. The actual number of new sub- 
scribers enrolled w’as however 104. 

We had difficulties owing to scarcity of paper 
and, in the absence of high quality paper, we were 
forced to print the journal on inferior pai>er. Our 
thanks are due to Mr Raghunath Dntt of Bliolanath 
Dntt & Sons Ltd., who supplied us regularly with 
paper. 

During the year 1943-44 authoritative articles 
from the pens of specialists were published and the 
high standard of the journal was maintained. We 
would take this opportunity of thanking our con- 
tributors who by their articles, ufites and letters have 
helped Science .and Culture to step in the Tenth 
year of its existence. 

Exchange Journai.s 

The total number of copies sent out every month 
in exchange and for review was 62. We received in 
exchange only 6 English, 14 American, 20 Indian 
and I Australian journal as compared to 4 English, 
13 American, 17 lodian ^pd i . iour^al in 
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the previous year. VVe also received journals of 
learned societies and publications of 4 Government 
Scientific Dei»artnients. Four Calcutta newspapers, 
viz., the Statesman, the Hindusthan Standard, the 
Amrita liazar Patrika and the Jugantar supply their 
daily issues in exchange. I'lic well known Madras 
daily the Hindu, lias also lieeii recently added to the 
list. \Vc send the journal rcRularly to 18 Societies 
and Institutions on request. 


Adair, Dutt Rkskarcii Fund 

Wc are rUkI to announce that the well known 
firm of Messrs Adair, Dutt & Co. I^td. has placed at 
our disposal a further sum of Rs. 2,500/- for award 
as research scholarships. I^ast year 4 new scholar- 
sliips uere awarclcd, and 2 scholarships were renewed. 
The .scholars are : 


annual grants. The amounts of these grants , are as 
follows: — 

Calcutta University ... ... Rs. 500/- 

Bengal Chemical & Pharmaceutical Works 

Ltd. ... .... ... Rs. 500/- 

Tndiaii Association for the Cultivation of 

Science ... ... ... Rs. 100/* 

During the year the Association was fortunate 
enough to receive the following donations. We 
express our sincerest thanks to the donors. 

Sir P. C. Ray ... ... Rs. 2.000/- 

Messrs. IT. Datta & Sons Ltd. Rs. 1,000/- 
Messrs. vSoor Knanicl & Stamp- 
ing Works ... ... Rs. 1,000/- 

Mr Alamohan Dass ... ... R.s. 750/- 

Messrs. Calcutta Chemical ... Rs. 500/- with further 
• promise. 

To the authorities of Calcutta University we are 
further indebted for allowing us accommodation in 
the buildings of the University College of Science 
and Technology. 


New ScHotARS 


Name 


Subject 


u niter lekom re- 
search to be canted 


1. Mr (rovinda .Androgenic H o r- Prof. J. K. Chow- 
Ram Debnath niones (Chemistry) dhury, Dacca Uni- 
versity. 

2. Mr Arobinda Processing of food- Prof. B. C. Guha, 

Nath Bose stuffs on vitamin Calcutta University 

' values (Higher 
Technology) 

3. MrA Amina .Methods of estiina- Prcif. B, C. Ouha, 

Rahman tioti of the vitamin Calcutta University 

of the *'B** Group 
and their assay in 
Indian foodstuffs 
(Nutrition) 

4. Mr Ainal Cyclotron w f» r k Prof. M. N. Saha. 

Chand Ghosh (Higher 'Pechno- Calcutta University 

logy) 


Rhnkwai.s for the Skcond Year 

1. Mr Satyendra Mensures of the in- Prof. S. K. Mitra, 

Nath Ghosh tensity of the Calcutta University 

night sky (Phy- 
sics) 

2. Mr Sailendra Feeding in Carps Prof. H. K. Mookcr- 

Nath Ghosh (Zoology) jee, 

Calcutta University 


Wc have much pleasure to announce that a fur- 
ther sum of Rs. 5,000/- has been contributed by the 
above mentioned firm to the fund for carrying on 
re.searches in other subjects to be decided by the 
Committee. 

{For statements of account , see page 4). 


Grants 

We arc grateful to the authorities of the Uni- 
versity, of Calcutta, the Bengal Chemical & Phar- 
maceutical Works, Ltd . , . and the Indian Association 
fbr'tte Cultivktibn of Settee for renewing ’their 


ACKNpWLRDGRMKNT 

Wc owe a debt of gratitude to our subscribers 
and well-wishers who have helped us in securing tiew 
subscribers. We would in this connection mention 
the name of Dr Maneck B. Pithawalla of Karachi 
who lias secured for us nearly half a dozen subscribers 
and members. 


CONCI.UvSlON 

As ill the past Vears the Kditorial policy of 
SCTKNCK am> Cui/riJRi5 coiiliiuicil to be to make 
every attempt to focuss public attciitiou on the 
iniiMirtance of the application of science, scientific 
research and scientific methods to the social ami 
economic problems facing our country. Wc were 
glad to firi 3 that Prof. A. V. Hill who was in our 
midst a few months ago whole hcartedly supported 
the stand taken by us. Like us he was strongly of 
opinion that the solution of many of our problems 
lay in wider and still wider application of scientific- 
research, of scientific methods and in proper and 
scientific approach. Prof. Hill demanded from the 
country and from the Government ruling the 
country these very things in regard to whicli 
SciENCR AND CULTURE has bccii pleading all these 
years. We may perhaps be pardoned if we quote 
Prof. Hill on this point from one of his speeches. 
Said Prof. Hill : “Let us aim at giving i per cent, 
of our national budget, i per cent, of the value of 
our industrial and agricultural production, i per 
cent, of the loss due to ill-health, 1 per cent, of the 
cost of our food, our transport, our houses, our 
water,, our coal, even our broadcasting, to research— 
dnd in jio year5 we shall iind that we are getting back 
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not I per cent, but lo or 20 or 40 or 200 per cent, 
in dividends 

“If those who call themselves ‘Practical men* 
object, let us remember Francis Gallon's definition 
of the practical man-— ‘the practical man is the man 
who practises the errors of his forefathers*.** 

We may also refer to another aspect of economic 
development for which Sciknck and Cultukk has 
been preaching since its inauKuratioii and which is 
now receiving a good deal of public attention. We 
have recently seen the publication of many “Plans** 
for the economic regeneration of the country. We 
have Bombay Plan, People's Plan, Plan for Railway 
Development, Agricultural Plan and the 300 crores 
Education Plan. But the fundamental idea lying 
behind any planning, namely that, planning for forced 
development to be successful, must be made simul- 
taneously for all the dilTercnt branches of social and 
economic life of the country providing correlation 
between them as neccsstiry, had l)cen stressed in 
SciKNCR AND CuLTURK in many of its articles and 
editorials. We arc also glad to note that the (lovern- 
ment of Bengal has officially been recommended to 
make a thorough survey the power and economic 
re.sources of the province— a survey on the necessity 
of which also vSciknck and Cui.turk has been 
pleading for a* long time. Eet us hope that the 
Indian Science News Association, through its organ 
Sciknck and CuiA'URK, will continue to do the 
good work it had been doing since its inception in 

(For sfaiemeni of account sec next page) 

The following persons were unanimously elected 
officers and members of the Council for the year 
1st July, 1944 to 3otli June, 1945 : 

President. — Sir U. N. Brahmachari. 

Vice-Presidents . — Dr S. C. Law, Dr Baini Pra- 
shad, Prof. M. N. vSaha, Dr B. C. Law, vSir S. vS. 
Bhatnagar and Prof. P. N. Ghosh. 

Treasurer.- Prof. P. C. Mitter. 

Secretaries. — ^l^rof. S. K. Mitra and Prof. B. C. 
Cuba. 

Members. — ^I’rof. S. P. Agharkar, Dr B. Ahmad, 
Mr H. P. Bhaumik, Prof. D. M. Rose, Mr W. D. 
West, Dr K. Biswas, Shahibzada Yusuf Khan, 
Col. Sir R, N, Chopra, Dr M. S. Krishnan, Sir J. C. 


Ghosh, Dr D. S. Kothari, Mr B. N. Maitra, 
Dr S. C. Mitra, Prof. H. K. Moi^kerjec, Prof. J. N. 
Mukherjee, Dr John Matthai, Mr M. M. Sur, Prof. 
P. Ray, Dr S, L. Hora and Dr A. C. Ukil. 

The Editorial Ikiard of “Sciknck and Cui/ruRK“ 
for the next year was constituted with Sir J. C. 
Ghosh, Prof. M. X. Sfiha, Dr A. C. Ukil and two 
Secretaries as ex-officio members. 

Prof. P. N. Ghosh then delivered his welcome 
address and stresscul the importance of the scientific 
journal Sciknck and Cui.turk, the organ of the 
Association. 

Among the distinguished speakers were Dr D. M. 
Bose, Prof. M. N. vSaha, Dr Xalinaksha Sanyal, 
Mr S. M. Bose, Mr II. P. Bhaumik and others. 
Prof. vSaha sp()ke on the need of inaugurating in 
India an organization like the P. K. P. in Great 
liritain and referred to the distinguished services this 
organization consisting largely of eminent scientists, 
economists and industrialists of Juigland rendered to 
their country. A similar organization may also be 
createil in this country to its great advantages to 
tackle effectively with the problem of economic deve- 
lopment of this country. The lurking question of 
fertilizers, for instance, may form the subject of its 
immediate enquiry and activity when such a lx>dy 
is created here. He invited the active co-operation 
of distinguished scientists, economists and industrial- 
ists in the matter. 

Dr N. Sanyal spoke on the need of co-operation 
between the Government and the scienti.sts of the 
country. He deplored the utter lack of such co- 
oi)eratioii and the callous neglect of the Government 
with regard to (luestion pertaining to science. More- 
over, expert knowledge on the scientific aspects of 
several questions is not often available before the 
legislatures when such (luestions come up for dis- 
cussion. 

Mr H. P. Bhaumik spoke on the need of power 
development in this province and referred to the 
significant advances Madras made in this direction. 
He suggested the introduction of the well-known 
grid system for the transmission of power when such 
stations are brought into existence. 

Prof. vS. P. Agharkar i^roposed a vote of thanks 
to the Chair. 
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(Rbgtstekkd UNDKK Acy XXI OP 1860) 
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RECEIPTS 

Rs. As. 

P. 

Rs. As. 

P. 


PAYMENTS 

Rs. As. P. 

Rs. As. 

P. 

To Opening Balances on 1-7-43 : — 







By K.stablishment 




3,170 0 

0 

(a) At Bengal Central Bank 







f i 

Journal Printing ... 




4,646 1 

0 

lAd. ill Current A/C ... 

1,481 

13 

9 




»• 

Pa|)er 




3,197 10 

6 

(bj .At Bengal Central Bank 







«R 

Postage & Receipt Stamp ... 




657 9 

0 

Ltd. in Savings A/C. 








Conveyance 




216 10 

3 

- re : Science & Culture 







»» 

Telephone 




*210 13 

0 

A/C 

796 13 

3 




• t 

Sir P. C. Ray Biography A/c. 




50 0 

0 

(c) With Treasurer 

118 

3 

6 





Miscellaneon.s 




202 11 

0 

- 

— 

— 



2,396 

14 

6 

• • 

Audit Fee (1942-43) 




40 0 

0 

„ Grant 




1.100 

0 

0 

• • 

Furniture 




108 0 

0 

„ Donation ... 




4,750 

0 

0 


Stationery & Printing 




154 8 

9 

,, Life-Membership Fee 




700 

0 

0 

»» 

Bank Charges 




53 12 

0 

,, Ordinary Membership Fee ... 




305 

6 

0 

tft 

Binding Charges ... 




12 8 

0 

,, Subscription 




4,588 

2 

5 


Closing Balances on 30-6-44 : — 






„ .Advertisement 




5.288 

4 

0 


(a) At Bengal Central Bank 






„ Reprint ... 




512 

8 

0 


Ltd. in Current A/C. ... 

6.353 

3 

3 



„ Misi^cllaneoiis 




612 

2 

0 


(b) At Bengal Central Bank 






,, Hank Interest 




31 

3 

7 


Ltd. in Savings A/C. 














re : Science & Culture 














A/C. 

1,143 

8 

3 











(c) With Treasurer 

67 

9 

6 












— 

— 

— 

7,564 5 

0 




Rs. 

20,284 

8 

6 
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The key to the act which created the TVA is 
to be found 'in the oneness of men and natural 
resources, the unity that binds together land, streams, 
forests, minerals fanning, industry, mankind’. 
Lilicnthal designates it as the first law of Nature : 
we should designate it as the first principle of 
exploitation of Nature. 

President Roosevelt’s message to the Congress 
urging approval of Senator Norris’s bill which 
brought the TVA into existence is indicative of this 
spirit. The message reads as follows: 

“It is clear that the Muscle Shoals development is but 
a small part of the ix)tential public usefulness of the entire 
Tennessee River. Such use, if envisioned in its entirety, 
transcends mere power development : it enters the wide 
field of flood control, soil erosion, afforestation, elimination 
from agricnltural use of marginal lands, and distribution 
and diversification of industry. Tii short, this power 
development of war days leads lof^ically to national pianninf; 
for a complete rivet watershed Involving: many States and 
the future lives and welfare of millions. Tt touches and 
gives life to all forms of human concerns. (Italics are ours). 

“The President then suggested legislation to create a 
Tennessee Valley Authority — a corporation cU»thed with the* 
power of government but possessed of the flexihility and 
initiative of a private enterprise. Tt should he charged 
with the broadest duty of planning for tlie proper use, 
conservation, and development of the natural re.sources of 
the Tennessee River drainage basin and its adjoining 
territory for the general social and economic welfare of the 
Nation. This authority should also Ije clothed with the 
necessary power to carry these plans into effect.” (TVA 
—Democracy on the March). 

Could not this work be done by the ordinary 
machinery of the Government, or by private 
agencies? 

To this question, Mr Lilienthal says a decided 
no, and we agree with him. To quote his words in 
a slightly different setting: 

“According to custom and tradition, the insirumcntnli- 
tic.s of the Ooverument in every country become divided 
into jurisdictional pigeonholes hut the resources of a great 
river valley like the Tennessee are such that they cannot 
he dissected into separate bits th.at would fit into llicsc 
holes. To integrate the many parts of the problem into a 
nnified whole is clearly the work of one agency. For 
envisioned in its entirety, this river like many other rivers 
in the world had manifold potential assets.” 

These are: — 

(1) The river can yield hydro-electric power 
for the use of industries, for the development of 
mineral resources lying under the soil, and mountains 
of the valley, for domestic purposes, and generally 
for the comfort of the dwellers of the valley. These 
require construction of dams, hydro-electric stations, 
and powerlines. 

(2) The very same dams, when properly de- 
signed, can be made to provide channels for 
navigation. 

. Cl) The river threatened the welfare of the 
dwellers of the valley by recurrent floods ; this could 
also be remedied by erection of flood holdistK dams* 


(4) The floods of the Tennessee and its affluents 
used to carry to the sea every year the top-soil of the 
hills once lined with valuable timber, and of arable 
fields. Out of nearly nine million acres of cultivable 
soil in the valley, nearly 80 per cent b^ame useless 
and sterile due to soil erosion. 

This was remedied by planned afforestation of 
the valley, which, by the way, also lengthened the 
life of dams by preventing silting. 

And there are many others, namely,-- fish 
culture in the lakes, prevention of pollution of river 
water by industries etc.— all requiring attention from 
public authorities. 

If the work were entrusted to any one of the 
Government departments, the ‘pigeon holes’ as 
Lilicnthal calls thcm—all other work excepting the 
work in which that department was interested would 
have suffered. If the whole work was centralized 
under one Federal Bureau (Central Department of 
the Government, as we would call them in India) 
for the sake of co-ordination, no progress would 
have been made, as such departments arc usually 
saddled with too much work, and could not possibly 
concentrate on the Tennessee Valley , alone. 

If power development were entnisted to private 
agencies, they would have constnicted only power 
dams and would not have cared for improving 
navigation, flood prevention, or soil conservation. 
If the work were entnisted to department of Agri- 
culture, probably only trees would have been planted 
and irrigation canals excavated, without regard to 
problems of public health or communication. 

But what was needed was 'the total benefit to 
all that was to be the common goal, and this could 
be achieved only by the appointment of an Authority* 
clothed with full jxiwers of execution of the objective, 
on behalf of the Federal Government. 

The jurisdiction of the TVA cut across the 
existing line of Federal Bureaus departments and of 
the seven* States through which the river runs. It 
threatened to interfere with private rights, with the 
privileges enjoyed by the existing business concerns 
(particularly private power supply companies), and 
the work has not been smooth. Further it was 
given. a task of integrating the works of specialists 
and technicians, in such diverse subjects as power 
engineering, navigation, soil conservation, flood pre- 
vention, and public health, and anybody who has 
experience of handling specialists knows this to be 
no holiday job. 

It is now admitted on all hands that the experi- 
ment of the TVA, in spite of its perilous nature has 
been a grand success, much of which was due to 
the flexibility of the bill appointing the Authority, 
which was given a task, but was otherwise let free 
to draw up its own programme, fix upon the method 
of execution of plans, recruit its own personnel, and 
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carry out the plans to perfection as it thought best. 
There had been no predetermined blue prints, but 
the TVA was itself a planning and executing agency, 
and the plans evolved like a living organism with 
time and experience and as a result of free and 


protracted discussions amongst specialists and parties 
concerned. 

A great responsibility was thus thrust on the 
Board of Directors, and we shall see in our next 
article how they discharged their re.sponsibilities. - 


ARTIFICIAL RADIOACTIVE BODIES IN PHYSIOLOGY AND 

MEDICINE^ 

N. N. DAS GXIPTA 

UNIVKRSITV COURCK <» SCIBMCK, CAlCtlTfA. 


the invention of the cyclotron it has been 
possible' to impart radioactive property to 
every known element. Some of these artificial radio 
elements, such as C, Na, Fe, P, Ca, I etc., have 
proved to be of the greatest value in the investiga- 
tion of physiological problems as well as in medicine. 
It is the purpose of this brief account to explain the 
method of preparation of these and also to describe 
some of the many valuable re.sults brought to light 
with their help. 

The cyclotron can properly he named as the 
machine for producing nuclear transforniatious. 
With its help it is possible to transmute one element 
into another. Some of these man-made elements arc 
unstable, «.c., they emit P or y-rays ju.st like radium 
products, in the process of attaining stability. It is 
this radioactive property which makes these new 
elements so valuable in therapy and research. In 
order to understand how this artificial radioactivity 
ipay be produced with the help of the cyclotron, it 
is nece.s.sary to have some idea of the nuclear 
structure of elements. 

Thk Nature ok Nucleus 

According to modern physics, every atotn has 
a heart (or nucleus) which is surrounded by a cloud 
of electroas. Inside the heart of the atom are present 
only two types of fundamental particles — neutrons 
and protons. A neutron and a proton have nearly 
the same mass, but the proton has unit positive 
charge while the neutron is neutral. . Every nucleus 
is therefore positively charged, its net positive charge 
being determined by the number of protons present. 
The weight of the nucleus is given by the sum of the 
weights of neutrons and protons inside the nucleus. 

The following figures represent diagrainmalically 
the constitution of seven simplest nuclei. A white 
clot represents a proton, a black one a neutron. The 
simplest nucleus is that of hydrogen containing a 
single proton. Both its mass and charge are unity 

• Based on a lecture delivered before the Indian Physio- 
logical S^iefy. 


Next in simplicity is the nucleus of heavy 
hydrogen (deuteron) containing one neutron and one 
proton. Its charge is one but mass is two. Tin's 
nucleus may be represented by the symbol iH** where 
the superscript denotes nuclear mass, subscript the 


nuclear charge. 
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Pig. 1. Nuclei of H, ITe ami l,i. 


The chemical nature of an element is deter- 
mined by its nuclear charge i.c., by the number of 
protons present within the nucleus. As the atom as 
a whole is neutral, the number of cxtranuclcar elec- 
trons is also determined by the charge number or the 
number of protons within the ncucleus. Each suc- 
ceeding element of the periodic table differs from 
the one preceding it, by having one more proton 
within the nucleus aud hence one extra electron 
outside it. Addition or subtraction of neutrons does 
not alter the nuclear charge. Hence two nuclei with 
the same number of protons but different uuinber of 
neutrons will have the same nuclear charge and 
identical chemical properties. Such nuclei arc known 
as isotopes, e.g., hydrogen (iH*) and heavy hydrogen 

Tlie third nucleus in simplicity is that of helium, 
containing two protons and two neutrons. Then 
come another pair of isotopes of lithium. *Li* 
contains 3 protons and 3 neutrons while sLi^ has 
3 protons together with 4 neutrons. As wc proceed 
up the periodic table, nuclei- become more and more 
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massive, but they always retain the same elementary 
composition at heart, i,e., only neutrons and protons. 
Compare the cases of berellium, boron and carbon. 

BEREUIUM BORON CARBON 



Fiij. 2. Nuclei of Be, B anil C. 


Isotopes occur in nature. Thus normal Li atoms arc 
found to contain 8 p.c. of Li* and 92 p.c. of Li' 
nudei. Similarly natural boron consists of 18 p.c. 
of and 82 p.c. of B“. The i>ercentages of 

occurrence of natural isotopes are indicated below the 
figures (r) and (2). 

The above picture of the nucleus must be 
regarded as very elementary. Our knowledge about 
the nucleus is far from complete. We do not know 
whether the nuclear particles retain their individuality 
within the nucleus or if they form a new kind ol 
nuclear sub.stance. But it will be sufficient for the 
present purpose, if we regard the neutrons and 
protons inside the nucleus, to be held together by 
strong forces of the order of million electron volts. 
If we wish to disrupt the heart of the atom or to 
bring about changes within it we must hurl at the 
nuclei projectiles of this energy or more. We must 
rememl^r that attempts to transform one clement 
into another arc being made since the days of early 
alchemists who tried to change the nature of elements 
by subjecting them to various chemical reactions. 
The reason that we have succeeded now where the 
alchemists failed, is that we now know tliat so long 
as the atom remains the same at heart, it will gather 
round it the same electron cloud and possess the 
same chemical properties. To transmute one element 
into another we must produce changes within the 
nucleus of the atoms. For this purpo.se such mild 
persuations as chemical reactions arc entirely in- 
efiPective. More drastic methods arc required ; one 
of these is to subject the heart of the atom to intense 
bombardment by other atomic artillery. 

Cvcxotron and the Generation op High Energy 
Projectiles for Atomic Bombardment 

Many methods have been developed for generating 
projectiles with large energies for nuclear bursting. 
Of these, the cyclotron seems at present to be the 


most efficient. Here nuclei of hydrogen, heavy 
hydrogen or helium are made to move in a circular 
path inside two semi-circular electrodes (dees), by 
the application of a strong magnetic field. The 'dees’ 
are like two halves of a pill box cut along the 
diameter (fig. 3), the two halves are separated from 
each other by a gap about 2^ wide. 
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Fig. 3. Cyclotron decs and tank. 


A rapidly alternating electric field is applied 
across the two ‘dce.^/, the direction of the field 
changing from one to the other more than a million 
times a second. Once the particles are inside the dees 
they are in a field-free space and are unaffected by 
any voltage changes occurring on the dees. But when 
they emerge into the gap between the two halves, 
they are acted upon by the strong electric field and 
may be either attracted or repelled. The alternating 
electric field between the two dees is so arranged that 
whenever the Article is about to jump across the 
gap, from one dee to the other the field is so directed 
that the particle is always givefti a strong pull towards 
the next dee. The particles take a very .small time 
(about io~' secs.) to move across a dee from one 
gap to the next, the voltage also changes within this 
short interval, so that ^e particles are alwajrs moving 
in one direction. Step by step their energies are 
built up in small increments of 50,000 volts, each time 
they jump across the gap. As the ions gain in energy 
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it becomes more and more difficult for the magnet to 
bend them into circular paths. Hence the particles 
describe spirals of ever-increasing radius until after 
loo or more turns, when the energy is of the order 
of 5 million electron-volts they arrive at the peri- 
phery of the dees. By the application of a suitable 
deflecting field the beam may be pulled out of the 
chamber and directed towards any target, (fig. 4) 
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Fig. 4. Dentemii beam emerging from the cyclotron. 

From the very brief description given alxivc let 
no one think that the construction or the succe.ssful 
operation' of a cyclotron is a simple affair. The huge 
tank liousing the cyclotron dees must be completely 
evacuated of air, otherwise the ions going in their 
spiral paths will bump so many times with air 
atoms that they will hopelessly wander away from 
their fixed course and lose all their energy by striking 
against either the floor or roof of the dees. Kvery 
experienced research worker knows how exceedingly 
troublesome and difficult it may be to hunt out and 
rectify minute leaks in a chamber of the size of 3 ft. 
in diameter! Even when all the leaks have been 
found and carefully scaled the full power cannot be 
switched on. The metal parts inside the chaml)er 
and the oscillator are very apt to pick up gas, when 
the cyclotron is not in operation even though the 
high i)ower pumps are constantly on. During work 
the metal parts heat up and give up the gases they 
have accumulated during the period of inaction. A 
sudden puff of gas given out during the operation 
may mean the burning out of the filament and suspen- 
sion of work for a couple of days. This accumulated 
gas must be driven out first or the apparatus degassed 
by working it at smaller power. Only when all the 
undesirable gases have been eliminated carefully, can 
the desirable ones,— hydrogen or heavy hydrogen, in- 
troduced and pressure adjusted to the critical value. 

The cycloctron filament and the voltages arc 
turned on for the production of ions to circulate, the 
main power is then switched on and the ions begin 
their long journey inside the dees. The o.scilator 
must be carefully tuned, otherwise the ions may be 


out of step and will not gain much energy. Careful 
and difficult adjustments in the magnetic field are 
also necessary in order to keep the ions in focus. 
Only when all these adjustments have bedn carried 
out successfully the beam indicator Tcgisters the 
welcome indication of the ion beam, circulating in- 
side the chamber. Only a fraction of the high energy 
ion beam circulating inside the chamber, may be 
brought out of it as shown in fig. 5 by means of a 
suitable defiectiug voltage (about 100 kilovolts). 

Production of Radioactivk Isotopks of 
Common Elements 

Let us now try to understand what happens when 
wie expose any substance, say, Na to the beam of 
such high energy deuterons from the cyclotron. 
Sodium®* is a perfectly stable element containing 11 
protons. 12 neutrons (written nNa**). If such normal 
so<lium atoms are bombarded with a beam of high 
energy deuterons (nuclei of heavy hyrogen ,H®) .some 
of the deuterons will score direct hits on sodium 
nuclei. The reaction illu.stratcd in fig. 5 then takes 
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Fig. 5. Producliim of radio-sodium hy dciitcnrti Ixunhard- 
iiieiit of iiormsil sodium. 

place. The sodium nucleus containing ii protons 
and 12 neutrons after cai>turitig the deiiteron emits 
a iirotou but retains the extra neutron. A new 
nucleus is formed with ii protons and 13 neutrons. 
This is an artificially created isotope of sodium and 
may be represented as uNa®*. It has the same chemi- 
cal proi^erties as normal .sodium. 

The newly created isotope of sodium contain- 
ing an extra neutron is Iiowever unstable. Left to 
itself it emits electrons up to a maximum energy of 
about I '4 million electron volts and is thereby trans- 
formed into excited Mg which again emits 7-rays of 
three million volts energy. Thus from radioactive 
sodium one gets ^ and 7-rays of the same nature as 
from radium, and Na®^ can be used in place of Ra. 
A similar case is that of radioactive phosphorus P*®. 
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When normal phosphorus is bombarded with the 
deutcron beam, a neutron is captured changing 
normal phosphorus (P®‘) to the radioactive phosphorus 
(pa2) emits /^-rays of the maximum energy of 

I ‘7 ii] ill ion electron-volts forming stable sulphur (S*“). 
The reaction is illustrated in fig. 6. 


PROTON electron 



b'ig. (i. Product itiu of radio-phosplioruH by deuteroii bom- 
))ardmcnt of iiornuil pbos])]iorn8. 

Radioactive isotopes of almost any element may^ 
be iiroduced by bombardment of a suitable stable 
element either with i)rotons, deiiterons or neutrons 
from the cyclotron. Table I contains a list of those 
raditmetive isotopes which are of biophysical interest. 
It should be mentioned that the table is not exhaus- 
tive. The radioactive isoto|x?s included here arc those 
whose half lives are comparatively long and about 
whose existence and f)roi)crtics some degree or cer- 
tainty has been reached. The table gives the 
atomic number, nuclear mass, nature of radiations 
emitted, their energy, half lives and the reaction 
resi)onsiblc for the production of the isotope. The 
reactions have been indicated by the usual method, 
thus the cfiuation Na-d-p against Na^^ indicates, that 
Na®'‘ is produced by the bombardment of normal 
sodium by the deutcron beam, when a proton is 
emitted leaving a residue of Na**. Generally an 
isotope may be produced by a variety of reactions, 
of which only one has been indicated. 

The yield of artificial radioactive bodies dei^ends 
on the energy, the number of the projectiles and the 
nature of the reaction. With the 37-iuch cyclotron 
which is about to be completed the maximum energy 
of deiiterons will be about S million electron volts. 
The ()o-inch cyclotron and 200 ton magnet at 
California produces particles with 16 million elec- 
tron-volts energy, whose yield of radio-active 
substance is about 5 times that of the 37-inch one. 
So great has been the demand for artificial radio- 
active bodies for medicine and research that a still 
bigger cyclotron is under construction at California. 
It will have dees 184 inches in diameter, and a magnet 
weighing 4000 tons. It will produce deuterons of 
100 million electron volts energy, its yield of radio- 


-active substances will be 35 times that of the 60-inch 
one. This cyclotron will cost about a crore of rupees, 
of which Rs. 45 lakhs have been subscribed by the 
Rockefellers. 

Tmk Tkguniqto op Trackr Studies 

The radioactive atoms created by man differ 
from their normal isotopes in having fewer or greater 
number of neutrons, ^ey contain the same numb^ 
of protons and the same chemical properties as their 
normal isotopes. Chemical or biologica! systems do 
not in general distinguish between the two. If a very 
small quantity of radioactive NaCl be mixed with some 
common salt and the mixture introduced to any 
human body either by mouther by injection, wher- 
ever the normal sodium (nNa*®) goes, it carries with 
it its radioactive partner (nNa^^). But the radio- 
active atoms are marked or tagged atoms. Wherever 
they go they give evidence of their presence by 
emitting P and y-rays of definite energy-values, 
which are detected by sensitive electroscopes or 
Oeiger-muller counters. By following the fate of 
such minute doses of applied radioactive substances 
one can study the problem of metabolism of any 
normal element. The radioactive elements thus serve 
as tracers, to trace normal elements through com- 
plicated biological processes. 

This method has several advantages. In the first 
place when the radioactive element is detected in 
any organ, one can be sure that it has come from 
what has been introduced and not from any other 
body storage depots. When the radioactive clement 
emits y-rays, the measurements may be carried out 
in situ without sacrificing the animals. This simpli- 
fies the technique and saves a great amount of time. 
The sensitivity of this method of detection is so 
great that only a very minute cpiantity of the 
substance is sufficient. 

Let us give an idea of the sensitivity of radio- 
active method of detection compared to that of the 
si>ectroscope. The latter can detect, the presence of 
To”^ gms. of sodium. But 10"^ gms. of sodium, 
though it sounds a very minute quantity, is large 
in terms of numbers of atom. . It contains about lo''^ 
atoms. But even if we have lo’^ atoms of Na*^, about 
130 atoms will decay every second, and can be 
easily detected by the rays they give out. Thus the 
method is io*~io* times more sensitive. In other 
words it is to* to * times, easier to pick out Na** than 
to detect ordinary sodium. 

Two criticisms have been directed against the 
use of radfoactive tracers in physiological experi- 
ments : (a) discriminating effect for isotopic elements, 
ib) change in physiological behaviour due to irradia- 
tion. The experiments of Barnet, Mullins, Hevesy 
and others seem'to indicate that the radioactive and 
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Radio-element 


Radiations emitted 

— ■* 

Energy of radiations in 
million electron-volts 



Corpuscular 

Klectro- 

magnetic 

Particles 

y-rays 

Half-Life 

iHydrugen” .. 
fBerellium' 

.. 


electron 


•015 


31 vears 


•• 

positron 

y-rays 

... 

•485 

4.3 davs 

,Carbou“ 

.. 

.. 


•96 

20-5 mill. 

.Carbon** 


•• 

electron 

... 

•145 


>10“ vears 

,Nitrogen‘* 

•• 


positron 

y-rays 

•92, 1-20 

•28 

9-93 min. 

.Oxygen'* .. 



positron 


1-7 

2-1 mill. 

.Flourine** 

.. 

.. 

posilnm 

... 

•7 


1 12 mill. 

,, Sodium” 

.. 

•• 

posilnui 

y-rays 

•58 

1-3 

3-0 vears 

„Sodiura” 



electron 

y-raya 

14 

1-4, 2-8, 3-6 

14-8 jionrs 

i.Magnesiutii*' 



electron 

y-rays 

1-8 

■64, -84. 1 02 

10'2 min. 

,.Alnmiiiiuni” 



electron 

2-5 

tv7 niiii. 

„Silicoti** 



electron 


1-8 


170 min. 

jaPhospliorus” 

.. 


electron 


1-69 


14*3 i1ii\ s 

^Sulphur” 



ele.etron 


•107, -120 


87^1 davs 

„Chlorine” 



electron 


0-64 (e) 


■>I0* wars 

^Chlorine” .. 



electron 

y-rays 

M. 2-8, 5 0 

1-65. 2-15 

37 mill. 

, .Potassium” 



electron 

3-5 

12-4 hours 

..Calcium** 



electron 

y-ravs 

0-2. 0 9 

0-7 

I80da\s 

..Calcium*" 



electron 

y-ravs 

23 

•8 

2*5 hours 

„Chrotriium“* 



electron 

y-ravs 


O-.S 10 

26-5 ilavs 

i.Maiigniiese** 


.. 

... 

y-rays 


•85 

310 dn'vK 

..Iron" 

.. 


electron 



1 vears 

,.lron*^ 



ele<*lroii 

y-rays 

•26, -46 

M, 1*3 

47 days 

Cobalt*' 



INisitroii 

y-rays 

26 (e) 

»12, -20 

270 days 

„C<»baU‘" 


.. 

jNLsitnm 

y-rays 

•4 

•6. -805 

72 days 

..Nickel*' 


.. 

positnm 

•67 


36 hours 

..Copper"* .. 


’’ 

electron 

positron 


0-58 (e) 

0-66 (c) 


12-8 hours 

..Zinc** 


,, 

positnm 

y-rays 

0-4 (e) 

•45, 10. 114 

250 d.'iys 

„ Arsenic'* 


•• 

electron 

Ijositron 

y-rays 

.1*3 (e) 

0-9 (e) 

•582 

16 days 

..Arsenic'* 


•• 

elcclroii 

positron 

y-rays 

.11, 2-7 (e) 

•7, 2-6 (h 

I'S. 2-2, 3-2 

26-8 hours 

..Bromine” 


.. 

positron 

y-ra.vs 

•049, 037, 025 

4'4 hours 

..Bromine** 


.. 

elcctnm 

y-rays 

•46 

•56, -79, 1-4 

.M hours 

..Rubidium” .. 


.. 

' electron 


19'5 davs 

a.Slronlium” .. 



electron 


1-32 


55 davs 

Silver*” 



electron 

y-rays 

1-2 

106, -69 

8’2 davs 

..Cadmium*'* .. 



electron 

y-rays 

Ml 

•64 

2-5 iliivs 

..Tin'** 


.. 

electron 

y-rays 


085 

70-105 davs 

jiAntimony*"* 


.. 

electron 

y-rays 

•81,'’i-65 

•96 

2-8 days 

jiAntiniony*"* 


.. 

electron 

y-rays 

•74. 1-53, 2-45 

1-82, 1-75 

00 days 

..Iodine*” 


.. 

electron 

y-rays 

M 

•5 

1.3 duvs 

..Iodine*** 


.. 

electroiii 

y-rays 

■69, -6 

•4 

8 0 days 

..Barium*” 

.. 


electroir 

y-rays 

l,2-.3 

•6 

86 mill. 

j.Oold*"* 


.. 

electron 

y-roys 

0-8 

•28, -44, 2-5 

2-7 davs 

..Gold*"" 


,, 

electron 

y-rays 

101 

•45 

3-3 da>s 

..Mercury**' 


•• 

i 

y-rays 

y-rays 

— 

•20 

•09 

23 hours 

64 hours 

..Lead”* 



electron 

’•’70 


3*0 hours 

..Bismuth”' 



... 

y-rays 


■74. ’93 

6-4 days 

..Rka-iodine*** 


•• 

0 -rays 


594 


7-5 hours 


Reaction 


I)-d-p 

Lixi-ii 

C-(l-p 

N-(l-n 

Ne-(l-a 

N.'i-d-p 

M^-d-p 

Si-d-p 

I’-d-p 

t’l-ii-p 

Cl-ll-y 

CIil-p 

K-d-p 

Ca-ii-y 

Csi-d-p 

'Ki-n-ll 

l‘i*-d"tt 

lM*-d-p 

I'esl-p 

Ke-d-ii 

l^e-d-ii 

Fc-a-ii 

Cii-d-p 

Zn-d-p 

A.s-ii-2n 

As-il-p 

Rr-n-y 
Rr-ii-y 
Rli-ll-y 
%Si-tI-p . 

Af'-ii-2ii 

C(l-d-p 

Iii-p-ii 

Sh-d-p 

vSb-d-p 

SI)-i*-n 

Te.-<l-ii 

Ra-d-p 

Au-n-y 

Hk-u-p 

Au-.l-2n 

IMj-d-p 

IM.-d-n 

Ri-o-2n 


non-active isotopes have the same physico-chemical 
properties and as long as the concentration of the 
radio-element is not so great as to produce changes 
by the physical effects of radiation, the biological 
system does not differentiate the stable from the 
radioactive isotope.* 

* Slight biological difference (< 5 ' 0 ) has been reported 
with isotopes of iQ^ht elements, s.g., D and H, C* and C*. 
^ he greatest difference would arise tor the isotopes of those 

•Itmeats which fnactiott as single ion or atom. The greater 


According to an estimate of Chaikoif, the 
smallest amount of radioactive phosi)horus, the 
presence of which can be detected with his counter, 
is about lo* atoms (or 5*3 x 10“** nigms.). This cor- 
responds to an emission of about 60 P-niys per sec. 


the weight of the reacting nioleeule the less will be the 
effect due lf> difference of isotopic masses. In the ease 
of P, for example, it is the mass of the phosphate rndiek* 

that is in question, and the difference in weight belwcan 
P**04** and P"04** is vsry insigniileant. 
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or an activity of about millicuries,* The 

strength of sources usually employed in tracer work 
is thus much too small to affect the biological pro- 
cesses by causing radiobiologic changes. 

In one experiment varying doses of i — 70 micro- 
curies of radioactive prosphoriis were injected to five 
groujis of tumor bearing mice. Although the inten- 
sity of radiation varied by a factor of 70 no signi- 
ficant differences could lie observed in the percentage 
uptake of radioactive phosphorus by liver and tumof 
tissues. 

How TO Introduce Radioactive Rodtes 

The radioactive substances may be introduced in 
a variety of ways : (a) In the form of an inorganic 
salt of the isotope used dissolved in water and mixed 
with other non-radioactivc salts ; this may be 
aj)plied either by mouth or injected, (b) In the form 
of organic comiwunds where the aim is to study the 
fate of specific organic compounds ; the synthesis 
may be carried out in the laboratory or even within 
an organism. Thus Naa HPO4 containing radioactive 
phosphorus is fed to rabbits and hens. Labelled 
phosphatidcs formed in the liver arc absorbed in the 
plasma. The pla.sma containing appreciable amounts 
of phosphatidcs may be removed, mixed with non- 
active corpuscles of another rabbit and then re- 
introducec^. The phosphorus content of the different 
organs of the second rabbit may then be analysed 
as usual, (c) In experiments in plant physiology 
plant roots may be kept immersed in solution con- 
taining radioactive salt. 

The accumulation of the elements may be 
measured by means of counter and electroscopes. 
Autoradiograph technique has also been employed 
with great advantage. 

The maximum quantity of labelling agent that 
may be administered is determined by the amount 
of the clement normally present in the system. In 
the case of I, for example, a normal 200 gm. rat 
contains only *05 mgm. of I. The dose of iodine 
introduced in such a rat must’ be small compared to 
even *05 mgm. On the other hand the normal P 
content of the body is so high that the introduction 

* Half life of P** i.s 14*3 days, llie probability of dis- 
integration per sec. is 5-6x10-', tlie number of atoms 
disintegrating per sec. out of 10" {s 10" x 5-6 x 10- '=56. This 

is equivalent to 1-5x10-* millicuries, 1 millieurie signifies 
3*7x10' disintegrations per sec. 


of even 6 mgm. of P does not materially affect the 
normal P metabolism. The great advantage of the 
method of tracer analysis is that the amount to be 
introduced need be so small as not to affect the* 
nonnal balance of even those substances which occur 
in minutest proportions. 

Not all the artificial radio-elements prepared so 
far can be used in biophysical researches. Artificial 
radioactive bodies suitable for biological investiga- 
tions are limited by three factors. Firstly, the radio- 
active substance should be capable of production in 
sufficiently large quantities with the help of the 
cyclotron. This condition is the most stringent of • 
all, as most of the artificial radioactive substances 
can be prepared tiow only in small quantities at a 
large expenditure of energy. Secondly, the radio- 
active clement for biophysical studies should pre- 
ferably be one that occurs in the biological system by 
Nature. Its life should neither be too small for easy 
manipulation (c.g. 0“ half life = 2 min.) nor too long 
to be taken by man and animals without danger. f 
On account of these limiting factors the number of 
radio-elements that have actually been used in bio- 
physical investigations are small. There "is no 
doubt that as the technique improves many more of 
these artificial radioactive bexlies will be put in use 
in research and in therapy. 

In the concluding part of this article is given a 
very short review of the results of experiments tliat 
have been made with the help of artificial radioactive 
bodies to follow the absorption, storage, utilisation 
and excretion of various elements by the body in 
health and disease. The preliminary atteint>ts made 
to control disease by the action of radiation emitted 
by these elements have also heen reported. 

{to he continued) 

t Radinni lias a half life of 1600 years. Owing to its 
extremely long life ra Mum cannot be taken iiilernallv. 
Smallest amount of injected radium proves fatal because it 
remains in the system and continues its injurious radiation 
effects practically without any diminution during our life- 
time. A few years ago factory girls engaged in the trade 
of painting, lumiiions dials swallowed Ijj' accident very 
minute amounts of radioactive material. Kach time they 
touched t’’e brush with their lips to put a i)oint on it, they 
absorbed a little amount of radioactive material. Although 
the amount absorbed at any time was almost inappreciable, 
the cumulative effect was fatal due to the long life of 
rodiuni. With the artificial radioactive bodies, such ns 
sodium or phosphorus, there is no such danger of cumula- 
tive effect as radium poisoning. Most of these decay so 
quickly that they can produce no lasting injury. 
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EFFECT OF THE FOOD CRISIS OF 1943 ON THE RURAL 
POPULATION OF NOAKHALI, BENGAL 

RAH KRISHNA MUKHBRJEA, CttonTA 


A® a research student of the Department of Anthro- 
pology, University of Calcutta, I made a brief 
survey early in December, 1943 of a few samples of 
the rural population of the district of Noakhali, 
affected by the food crisis of 1943. In all I gathered 
materials from ten villages. The western part of the 
district was more adversely affected by the food crisis 
than the eastern one and the Lakshiiiipur police- 
station area within the sadar sub-division was the 
most affected. Unfortunately, I could not collect any 
data from the Lakshmipur area as necessary facilities 
for work were not available there. 

I did not study the villages as a whole but 


collected data from some of the families in- 
habiting these places. For my study I select- 
ed three classes of families : — (1) those which 
depended on the gruel kitchen, and so may be 
considered as most affected by the crisis ; 
(li) those which availed themselves of the dry ration 
of rice distributed by the Arya Samaj Relief Fund, 
that is, which were affected enough to accept this 
charity but had not forsaken their prestige com- 
pletely to go to the gruel kitchen ; and (Hi) those who 
neither went to the gruel kitchen nor received any 
dry ration. This is a fairly random sample of the 
niral ix>pulation investigated. 


TAitt,K I. Sliowiug the particulars of the population stuiliecl. 
CI.ASS I 


Village 

1 

Police-Station 

Distance from 
Chaumohani 
(in miles) 

Family 

Units 


Inhabitants 


Hindu 

1 

Muslim 

Total 

P. C. of Total 

Ganipiir 

Chatkhil 

Total 

Percentage 

Begamganj 
Ram gun j 

1 

17 


18 

100 

109 

125 

127 

225 


1 


85 

118 

284 

852 

87 


• 


84 

66 

1 100 





Class II 




Chanrirgaon 

Ranigunj 

31 

30 

108 

16 

I 

124 


Maahimpur 

If 

88 

81 

50 

80 

180 


Kalnpnr 

II 

82 

8 

25 

11 

86 


Harishchar 

II 

32 

12 


74 

74 


Arijpur 

If 

38 

10 

21 

19 

40 


Karoa 

11 

34 

10 

72 

1 

73 


Hajipur 

ii 

84 

4 

1 

19 

19 


Total 



105 

276 1 

220 

496 

51 

Percentage 




44 

56 

100 


Class III 


Pakirpnr 

Rarngun] 

82 

28 


114 

114 

12 


All classes 


Total 



218 

894 

B 

962 

100 

Pemntage 




41 ' 

■■ 

100 



2 
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Table I shows the villages, the total number 
of inhabitants, family imits, and the types of family 
studied. It will be apparent from k that 1 have 
studied nearly a thousand i)eople of whom 37 per 
cent are most affected. 51 per cent affected perhaps 
in a lesser degree and . 12 per cent who had not asked 
for charity or accepted it. The percentages of Hindu 
and Muslim populations studied are 41 and 59 respect- 
lively. It is true that my data covers a very small 
l)ortioii of the district population and are restricted 
to only two police-station areas within the one sub- 
division. But as the villages where I worked had 
been moderately cflFectcd— less than Lakshmiimr 
which rei>reseiits one extreme and more than the 
other areas which were less affccteil, this report, in 
a general way can be regarded as indicating the 
average effect of food crisis on the rural population of 
tlie district of Noukhali. 


I collected my data from the heads of the families 
in most cases, but where the heads were not avail- 
able the statements of the reliable neighbours of such 
families were recorded, and since I was always 
accompanied by one or tw^o well informed persons of 
the area who w^ere aware of my mission and always 
checked up any wrong statement, the data obtained 
by nlc can he regard^ as correct. I followed the 
geneological method in my investigation which was 
followed up by a set of questionnaires prepared before- 
hand specially for the data regarding the economic 
life of these people. 

EfI^CT of THK food crisis on the Ea>NOMIC 
Life of the Peopi/E 

The effect of the food crisis on the economic 
life of the people is clearly seen, when the loss of 
property sustained by these people is worked out, 


TAUiii 2 (A). Sluiwiiig the assets of the family units in 1939 and December, 194.1; and its loss within the period. 

Class 1 

(Family units — 85) 



1 

/ owned 

Loss during 1939— 48 

^ Detail of loss in 1989- 

-48 

Assets of the 
family 

1 1939 

December 1948 

Sample 

Percentage 

i Lost in total 

Lost in part 

Family 

Valua- 

tion 

Family 

Valua- 

Family 

Valua- 

Family 

Valua- 

Family 

Valua- 

Family 

Valua- 


Units 

in Rs. 

Units 

in iR8. 

Units 

tion 

Units 

tion 

Units 

tion 

Units 

tion 



(0 

(2) 

.. 

(4) 

(5) 

(6) 

(7) 

(8) 

.(9) 

(10) 

(11) 

(iZ) ' 

Cultivable land 

48 

36008 

29 

16499 

27 

I 

19504 

68 

54 

14 

18844 

18 

5660 

Homestead land 

70 

35409 

67 

28769 

23 

6650 

38 

19 

3 

941 

' 20 

5709 

Dwelling 

85 

4480 

84 

3475 

25 

1005 

29 

22 

1 

100 

24 

905 

Ornament 

60 

2965 

10 

210 

55 

2755 

92 

98 

50 

2640 

6 

115 

Utensil 

45 

725 

9 

165 

87 

570 

82 

79 

86 

555 

1 

15 

Live stock 

12 

655 

5 

150 

12 

1 605 

100 

77 

7 

810 

5 

195 

Total 


80287 


49248 

1 

30989 


89 


18390 


12599 


Cultivable land 
Homestead land 
Dwelling 
Ornament 
Utensil 
Live stock 


Total 


CLAS.S II 

(Family uniti^lOS) 


50 

27968 

84 : 

12426 

80 

15543 

60 

75 

81845 

72 

80524 

11 

1821 

15 

100 

4767 

100 

4685 

9 

182 

9 

29 

2235 

6 

295 

25 

1940 

86 

49 

686 

25 

414 

26 

272 

58 

19 

765 

14 

1075 

8 

810 

42 


68266 


49818 


19568 



56 

16 

5610 

j 14 

9928 

4 

8 

814 

8 

1007 

4 



9 

182 

87 

28 

1910 

2 

80 

40 

24 

270 

2 

2 

41 

6 

185 

3 

125 

28 


8289 


11279 


Cultivable land 
Homestead land 
Dwelling 
Ornament 
Utensil 
Live stock 


Total 


Class 111 
(Family units— 28) 


18 

26 

28 

6 

8 

12 

18898 

8498 

2040 

179 

no 

1040 

17 

25 

27 

? 

7 

13881 

8201 

19M 

85 

80 

655 

2 

2 

1 

8 

1 

10' 

612 

297 

00 

114 

80 

485 

7 

7 

4 

11 

4 

86 

4 

8 

8 

64 . 

27 

47 

1 

1 

1 

8 

1 

5 


1 

1 

6 

116 

88 

246 


2V60 


19262 


1498 


7 


1104 


894 


■■ • - — - — 
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since, property is one of the vital indices of economic 
condition. Table 2 which records the worth of 
property according to valuation, owned by these 
people \n 1939 and in December, 1943 indicates that 
from 1939 to 1943, roughly within five years, 39, a8, -• 
and 7 per cents of the total property has been lost 
by the three types of families studied, thus confirm- 
ing the earlier statement regarding the comparative 
effect of the crisis on these people. One third ot 33 
per cent of the families of class 1,1 3a per cent of 
those of class II, and 6 per cent of class III havd 
become landless, having lost all their cultivable lauds. 
Further, 4 per cent each of the classes I, II, and III 
have even lost their homestead land, and two family 
units belonging to class I and class III have even 
given up their dwelling ! 

The table also indicates that of all the assets the 
ornaments were disposed of earliest, the next in order 
of disposal being the other belongings like utensils of 
brass, bell metal, etc. Then came livestock and cul- 
tivable land. The homestead land and the dwelling 
were parted with last of all. It shows that to fight 
out economic distress the people first gave up the 


little reserve which they had us oniaiiiciUs, used 
normally as luxury articles ; next the belongings like 
utensils which arc needed but may be done without 
undergoing discomfort. Finally, the live-stock, 
needed for cultivation, and cultivable land, their 
sources of living, were given up. As some kind of 
livelihood might be managed by agricultural, labour 
or such, the homestead land and the dwelling 
(l)opularly known in Bengal as Basiu Vita) were re- 
tained. But when there was nothing else to avert 
distress even the Basiu Vita was given up. 

The loss of property due to food crisis can- 
not be judged properly unless we take into account 
separately of the loss within 1943 or narrowing -dowm 
the period still more from March to November 1943, 
that is, from the time when the crisis was perceptible. 
This has been done in Table 4 which shows the loss 
of property during the two periods, (i) 1939 to 
February 1943 and (it) March 1943 — November 1943* 

One point is to be mentioned before discussing 
the Table 3. In Table 2 the value of proiHjrty has 
been determined according to its valuation in 
December, 1943 and the loss is calculated on this 


Tau.k 2 (B). 


Showing the holdings of cultivable and homestead land of the people in 1939 and December, 1943, and its loss 
within the period. 


Cuss I 

(Vamily units— 85) 


Properly owned . _ during 193 9—48 Det ails of Jo ss in 1988—48 



19% 1 

December 1948 

Sample 

1 Percentage j 

1 Lost in total 

Lost in part 

Assets of the 
Family Units 

Family 

Units 

Acreage 

l^atuil}' 

Units 

Acreage 

Family 

Units 

Acreage 

Family 

Units 

Acreage 

Family 

Units 

Acre- 

age 

Family 

units 

Acre- 

age 


..rroTi 

48 

(2) “ 

(3) 

'14) - 

(5) 

(6) 1 

.(7) 

.(8) 

(9) 

(10) 

(11) 

(12) 

Cultivable land 

21 ‘82 

29 

1000 

27 

11*82 

68 

54 

14 

839* 

13 

8*48 

Homestead land 

70 

21*46 

67 

itiS 

23 

4*08 

88 

19 

3 

057 

20 

8*46 

Total 


48*28 


27-48 


15*85 


87 


8'96 


6*88 


■V 


CI.ASS 11 

(Family units— 105) 


Cultivable* land 

60 

1695 

34 

7*58 

80 

9*42 

00 

56 

16 

8'40 

14 

Homestead land 

75 

19*80 

72 

18*50 

11 

0*80 

15 

4 

3 

019 

8 

Total 


86*25 


26-08 


10*22 


26 


8*59 



ctAss m 

(FamHy units— 28) 


Cnltivable land 

18 

8*42 

17 

811 

2 

0*81 

7 

4 

1 

0*24 

1 

0*07 

Homestead land 

26 

8*12 

25 

1-94 

1 

2 

1 

0*18 

7 

8 

1 

0*16 

1 

0*02 

: Total 

■ 

10*54 

■ 


■1 

0*49 


5 


0*40 

i 

1 

0*09 
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basis.* But the real worth of the property lost by 
sale or mortgage, cannot be decided according to 
this valuation. For, the standard of valuation, is 
the current price while the sale price varies from 
year to year according to the standard of valuation 
in particular years and was much less previously. 
The amount of loan contracted by mortgaging the 
property is also always much less than its valuation. 
Thus our enquiry, revealed that in all iS'Sg acres of 
land have been sold within four years, the valuation 
of which is about Rs. 24,166/- whereas the actual 
price fetched during the sale, was Rs. 19,865/- that 
is, difference of about 18 per cent. This difference 
will be more marked in case of ornaments since the 
price of gold and silver has increased immensely. In 
case of the debts secured by mortgages, it is an esta- 
blished fact that the amount of debt is never equal 
to the actual worth of the security and is usually its 
half in amount. Hence, strictly speaking, any com- 
parison of the loss of . property according to its sale 
price and the amount of loan from the mortgage, 
with its valuation definitely leads to an under- 
estimate. 

To find out whether the loss of property through 
sale and unrepaid or unrepayable loans can really 
account for the total loss, the total amount obtained 
from the sales and the loans has, at least, to be 
doubled to allow a fair comparison with the valua- 
tion of property. But it must be borne in mind that 


even then the comiiarision may not be fully accuraite. 
Table 3 shows ^at after necessary adjustments, 
roughly speaking, the total loss of property can be 
accounted for by sale and mortgage. 

Now to come back to our pointy the extent of 
loss of property in different periods to denote the 
effect of food crisis, has, therefore been recorded in 
the Tables 4 and 5 as per the sale price of the pro- 
perties sold as well as the amount of loan contracted 
on its security^ which, however, will not affect our 
conclusion as the standard is the same for l^th the 
periods. Table 4 (A) shows that 56, 49, and 65 
per cents of the property with respect to the classes I, 
II, and III have been lost within* March — ^November 
i943i the main period of food crisis, while in the pre- 
vious period of a little more than four years (1939— • 
February, 1944) the rest 44, 51, and 35 per cents 
have been lost. Besides this the table shows that 
out of the total number of family units affected by 
the loss 93, 91, and 75 per cents have been affected 
during the period of food crisis while in the period 
before only 26, 27, and. 25 i)er cents respectively have 
suffered within the period of a little more than four 
years compared to the formerly noted 93, 91, and 75 
per cents within nine months due to food crisis, f 

The effect of food crisis is still more sharply 
brought out in the Table 4 (B) which shows that 
during the period of food crisis the property has been 
lost mainly to acquire food, families of class II having 


Tabi,k 3. Comparing the loss of property in Rupees through sale and unredeemed or unredeemable loans after necessary 
rough adjustment {Le., doubling the amount) to the worth of it in 1939, as shown in Table 2(A). 


Assets 


Cultivable land 
Homestead landl 

Dwelling 
Ornaments. 
Belongings like] 
utensils etc. 

Live-stock 


Total 


Worth of Property lost through 

to sale price) 0)+^ 

Total loss Total loss aocor- 
of (8) aftef| ding to valuation 
adjust- (ref. Table 2) 

ment 

F. C. ofeol(4) 

to col (6) 

(1) 

(2) 

(3) 

«) 

{*) 

“(8) 

16164 

1 4711 

660 

|S0418 

40880 

47000 

87 

1158 


1158 

1168 

1200 

97 

§1 

1835 

4034 

8068 

5670 

142 

722 


722 

722 

1240 

88 

24444 

1886 

26829 

61188 


98 


Rkmarxs. 


TSL 

Ornaments Were 
mostly .sold in 
last 10 months 
and so fetched 
high price, 
which accounts 
for the p.c. s^r- 
passing 100. 

Some cattle were 
lost through 
death and so 
the p.c. is pow. 


* Thus in December 1943 land was sold at Rs. 1,960 to 
Rs. 1,320 per acre. Hence the valuation of land is regarded 
as Rs. 1,650, the average of the two amounts. The valua- 
tion of the other forms of properly has been estimated 
in this way. It is noteworthy that in case of dwelling as 
a form of property what has been lost in most cases is not 
the entire structure but the iron corrugated sheet used for 
roofing purposes, the valuation of which lias been estimated 
in terms of current prices. The valuation of the thatched 
huts has been estimated at Rs. 10/- on the average which 
is the considered opinion of many reliable persons of the 
/villages. 


been most hard hit in this respect 'for the obvious 
reason that they being a little better off had some 
assets which they have now disposed of to avert the 
crisis, while families of class I having already almost 
used up their reserves had little more to sell. In the 
previous period the 'other causes’ had some share 

t It is noteworthy that many families were simulta- 
neously affected in me two periods, so that, the total 
numbers of affected families in the two periods are not 
mutually exclusive. 
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Tails 4 ^A). Showing the amount of proijerty lost and tlie number of families affecled by the loss in different i)crio(ls. 
(According to the sale price of the property sold and the amount of loan on its security). 


ClOM ' 

1 Affected Pamiliea J 


1 Amount lost in Ra. | 

1 Percentage of 

1939 

Peb'48 

1 March- 
Not'48 

1989- 

1948. 

col (1) to 
col (8) 

col (2) to 
col (8) 

i9a»- 

Feb'M 

March- 

Nov'48 

1939-1943 

col (6) to 
col (8) 

col (7) to 
col (8) 


(I) 

(2) 

18) 

(4) 

(S) 

(6) 

(7) 

(8) 

19) 

06) 

1 

19 

67 

72 

26 

1 

6232 

7926 

14167 

44 

66 

n 

17 

68 

64 

27 

91 

6742 

6626 

11267 

61 

49 

III 

4 

12 

16 

26 

76 

300 

666 

866 ' 

B6 

65 


Tabls 4 (B). Showing the cause of loss of pro|)erty in different periods. 


- 

Claoa 

IvOM in Rb. from 1989-Feb *43 | 

On 

food 

on other 
causes 

Total 

(1) 

(2) 

(3) 

1 

8994 

2288 

6282 

- II 

1262 

4460 

6742 

III 

185 

165 

800 


1 Percentage of 

Loss ill 

Rb. from March- 

-Nov. *48 

Percentage of 

Col (1) to 

Col (8) tol 

On 

On other 

Total 

ICol (6) to 

Col (7) to 

col (8) 

col (8) 

food 

causes 

col (8) 

col (8) 

{j)_ 

(5) 

(6) 

(7) 



(10) 

64 

86 

5812 

2118 

7925 

73 

27 

22 

78 

5025 

640 

6665 

02 

8 

46 

65 

665 


565 

100 



worth mentioning, specially in case of class II. The 
'other causes’ are the redemption of old debts, ex- 
penses for social rites, like marriage and funeral 
ceremonies, payment of the rent of land to zeminder 
due from a long ago, and capital expenditure on 
erecting new dwellings in place of the worn out old 
structures. 

It has already been mentioned that the proiicrty 
shown as 'lost’ comes under two heads : (a) sold and 
(b) mortgaged to raise loans on its security. Since 
debts, as declared by the informants, cannot be re- 
paid owing to extreme poverty, the second category 
of property is also regarded as lost. Table 5 
shows the amounts of property lost through sale and 
such loans. When in dire need the fainilies con- 
tracted loans at an exorbitant rate of interest (usually 
75 per cent per annum) offering as securities the 
ornaments and J^elongings like utensils and rarely the 
cultivable land. Where land is the security the rate 
of interest is not so high. Many families took loans 
mortgaging their lands on tenns according to which 
if the loan be not paid within the settled period of 
time the land passes on to the money lender. 


Table 5 indicates that it is sale which accounts 
for 92, 93, and 95 i^cr cents of the loss of property. 
The reason is obvious. Sale fetches a greater amount 
than mortgaging the proi)erty and when there is very 
little chance of repaying the loans it is best to sell 
off the property. That sale is of more importance is 
also proved by the fact that 85, 83, and 88 i>er cents 
of the family units have lost their property through 
sale when the loss through mortgage is only 49, 33 
and 13 per cents. 

All the tables so far considered prove the fact 
that the economic condition of these people has 
deteriorated to an extreme extent and this has mainly 
taken place in the nine months from March, 1943 to 
December 1943. 

The havoc created by the food crisis in the 
economic life of the people does not end here. Table 
6 which indicates the outstanding debts of the.se 
people before and after the main period of the food 
crisis gives a further glimiise into the picture. 
Table 6 (A) shouts that even before the food crisis 
the economic life of these people was not a very 
prosperous one ; 15, 8, and 6 per cents of the family 


Iailb 5. Showing the lo.ss uf property through sale and unredeemed or iiuredeemable secured loans (according to sale 
price and amount of loan), and the number of family units affected by such loss within 1939-1943. 



Family units affected by loss 

Loss of Property in Rupees 


iBale • 

Mort- 

gage 

Total 

P.C.ofeol 
(I) to cot (8) 

P. C. of col 
(9 to col (8) 

gale 

Mortagage 

Total 

P.C. of col 
(6) to col (8) 

P.C. of col 
(7) to col (8) 



(« 

an 


(6) 

(6) 

(7) 

« 

(9) 

(101 

"I 

n 

■■ 

72 

■■ 

49 

180B7 

1070 

14167 

92 

8 

’ II 


Kai 

64 


88 

mEnM 

768 

11807 

98 

7 

ni 

14 

n 

mm 

mm 

18 

815 

60 

866 

98 

6 
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units being already indebted at the time. But the 
food crisis accelerated the deterioration tremendously 
and in December 1943, just after the height of the 
food crisis the figure rose to 95, 77, and 93 percents, 
for the three classes. The different groups contracted 
Q3i 55 1 ^nd 56 per cent of the loans within the i)eriod 
of March— November, 1943. The table also shows 
what a huge amount of the total loan has been con- 


Now if we reconsider the worth of proi)crty held 
by these i)<k)plc in 1939, as shoun in Table 2 , we find 
that the total amount of outstanding debt is practi- 
cally half the worth of the property already lost. 
Table 7 which gives a detailed analysis of the debt 
and also compares the amount of debt with the worth 
of property hold by all the families in 1939 brings it 
out clearly. In this table in case of the secured loans 


TAiitii 6 (A.). Sliowiiig llie iiunilier of indebted families and the outstanding debts in March, 1943 and December, 1943. 


I Indebted Families Percentage of Amount of debt in Rs. Percentage of 

Total • ' ■ 


Family 

Dec. 

March 

March- 

col (2l 

col (8) 

col (4) 

Decmber 

March 

March- 

col (9) to col (10) 

Units 

1948 

1948 

Dec’ 43 

to col (1) to col (1) to col (1) 

1943 

1948 

Dec’ 43 

col (6) 

to col (8) 

„(?). 


_ (?). 

(4) 

(5) 

(6) 

(7) 


(9) 

(10) 

.(“) 

<I2) 

85 

81 

13 

79 

95 

15 

98 

7160 

840 

6311 

12 

88 

105 

81 

8 

58 

77 

8 

55 

10966 

6340 

4626 

.58 

42 

82 

26 

2 

18 

9B 

6 

66 

1627 

SIO 

1417 

18 

87 


Class 


I 

II 

III 



T.\bi,k 6 (B). 

Showing the cause 

of loan 

in different periods. 



Outstanding debt in 
March' 48 

Percentage of 

Debts in March— Dec. 1943 ; 

Percentage of 

On food 

On otherl 

Causes 

!col (1) tojcol (2) to! 

; col (8) ILcoKS) I 

On food 

|On otherl 
Causes 

Total 

col (6) to 
col (8) 

! fcol (7) to 

1 col (8) 

..ZjIL.' 

(2) (3) 

(4) 

(5) 


•0 1 

(8) 

•PI 

jp"; 

644 

205 849 

76 

24 

6135 

176 

6811 

97 

8 

3290 

8050 6340 

52 

48 

4376 

250 

4626 

95 

n 

150 

60 210 

71 

29 

1267 

150 

1417 

89 

11 


traded during the period of food crisis alone, it being 
88, 42, and 87 per cents of the total for the classes I, 
II, and III respectively. In class IT, it may be noted 
some families had contracted loans of heavy amounts 
in the previous period for various purposes mentioned 
before. Table ,6 (B) which records the ]Htri)oses for 
which the loans have been contracted indicates that 
food was the principal purpose of loan even before 
the food crisis. During the critical months, 97, 95, 
and 89 per cents are shown to have been contracted 
to get food in this period as against 3, 5, and ii jicr 
cents in the period before it. 


the total amounts have been doubled for necessary 
adjustments before comparing them with the valua- 
tions of property held in 1939, for reasons stated 
earlier. This is justified as failure to repay will lead 
to the loss , of these securities. 

Before discussing the table it may be mentioned 
here that regarding the secured loans we have already 
considered the ornaments, belongings like utensils, 
and land to some extent as security ^r the secured 
loans which remain or will remain unpaid. The secu- 
rities for the loans noted here, wjiich may be repaid 
some da>' are mainly land and dwelling in some 


Tabi.e 7. Showing the different forms of loan and the evaluation of its worth to the total valuation of property in 1939, after 
necessary adjustment for the secured loans (f.e., doubling the amount). 


Class . 

Amount of Debt in Rs. 
Unsecured ! 

Total 

Percentage to 
total loans 

Total 
valnntion 
of propertr 
In IBSe 

'Percentage to total 
valuation as in col 8 

Interest 

free 

with 

interest 

an 

Total 

Secured 

(4) “ 

nn- 

seenred 

-{6)" ■ 

Secured 

Un- 

secured 

Secured 

Totol 

(1) 

(2) 

(3) 

(5) 

(7) 

(8) 

(9) . 

(10) 

(««) 

I 

8798 

557 

4850 

2810 

7160* 


89 

.81900 


7 

18 

II 1 

8726 

1160 

4876 

6000 

10966 

44 


: fi8660 


18 

25 

III 

1280 

270 

1600 

127 

1627.; 

Hi 

Hi 

' 120760 . 

H 

1 

:\\S 
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cam. Where land is the security most of tlie loans 
have been contracted under 'usufructuary mortgage’ 
and the rest under 'Rehani*. The usufructuary mort- 
gage works out in the following way. The debtor 
allows the money lender to enjoy a part or whole of 
his cultivable holding, the area of which is determined 
considering the amount of loan, for a fixed number of 
years in return to the money he’gets, and the loan 
is thus repaid. It is noteworthy that a considerable 
portion of the unsecured loan classified as without 
interest was actually taken on agreement that the 
interest would be paid when repaying it. But the 
debtors are now totally unable to repay the principal 
even, and the money lender also, seeing that there 
is very little chance of getting back oven the principal 
from these totally impoverished persons who have 
nothing else to lose, would be very glad if the prin- 
cipal alone is repaid. This is why I have recorded 
such loans without interest, otherwise it. would 
seem very strange as to how such a large sum could 
have been obtained interest free. It should be men- 
tioned here that the rate of interest is extremely 
variable and varies from 12 to even 75 per cent per 
ffunum ! 

Table 7 also shows that except in case of class II 
most of the loans are unsecured. The families 
belonging to the class II could procure loans of com- 
paratively bigger sums by keeping their properties as 
securities which they had and so in their case the 
secured loan is of greater amount. 

It is interesting to note here that with respect 
to the loss of property, the class I lost in greater per- 
centage than class II, while with respect to the loans 
contracted the percentages of the total and the 
secured loans to the worth of property in 1939 are 
greater in case of the class II than of class I. It 
shows that the class I has sunk a step deeper than 
class TI. To the former what is now more iuiiKjrtaiit 


is^ to avert death due to the crisis while th,e latter, 
although losing a good deal of property still hope 
to be able to retrieve them on some future day of 
prosperity. 

The table also indicates the pofeeutages of the 
secured and total loans to the worth of property 
owned by tliese people in 1939. The significance of 
this will l>e realised if we try to find out the effect 
of indebtedness 011 tlic economic life of the people. 
So far it has been clear that in the economic life of 
these people the princess runs like this: — ^With the 
gradual economic deterioration the people contract 
loans, unsecured if possible ; when no more loans are 
available they .sell or mortgage properties which they 
will perhaps never be able to regain and thus they 
have already lost 39, 28, and 7 per cents of the pro- 
perty, the class I being most affected for the reasons 
lUentioncd earlier. Now they will have to do 
sometliing with the standing debts, est>ecially the 
secured ones, and this they cannot repay from their 
regular income at the present time ; since their pre- 
sent income is already insufficient enough to compel 
them to abandon their prestige and ask for charity. 
Hence the only altctnativc before them is to give up 
more property which uill be 7, 18, and i per cent 
for the secured loans alone and 12, 25, and 8 per cents 
for the total debt. It means that these people, who 
have already lost 39, a8, and 7 per cents of the pro- 
I)crty now face the prospect of losing about 12, 25, 
and 8 per cents more! That is, the family units 
belonging to the cla.sses I and II will lo.se about 50 
per cent of whatever assets they had and then what 
will be left to tliein is just the roof to live in and 
perhaps a little of the land and livestock to remind 
them of tlieir past source of income. The family 
units belonging to the class III however have not 
been so adversely affected. 

{To bo concluded) 


A SOURCE OF NITROGEN FOR SOILS 

ABIIISWAR SKN. 

JMI*KKJAr. AORICllTUR.^I, RESEARCH INSXnUIE, NEW DliUU 


r .OSS of nitrogen from soil occurs mainly by two 
agencies, namely, (1) by crops and (2) by 
drainage. The water that percolates through the 
soil and goes beyond the root range carries down 
with it large amount of nitrates. In soils where no 
crop is growing, this loss is tremendous and may be 
equal to the total amount of nitrogen removed by 
croi)s and drainage. It has been estimated both in 
India and abroad that the total loss in both ways 
niay total up to 100 lbs. of nitrogen per acre iwr 
year.* 


Crop yields in India are quite low in comparison 
to tliosc of other countries. Indian cultivators 
usually do not add manure to tlieir fields and the 
yields, though at a low level, remain surprisingly 
constant. Thus depletion of soil nitrogen is going 
on for centuries without apparent deterioration of the 
general fertility of the soil. To explain this, theories 
were neces.sary to be advanced by .several Indian 
workers’^* ** * where plants like maize, rice etc. 
were supposed to fix atmospheric nitrogen directly 
without the help of any associated bacteria: In 
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some cases, the views appear to be supported by 
considerable exi^erimental evidence. But plants or 
crops so studied are very few in number and general 
possibility of plants fixing their own nitrogen may 
be ruled out. 

Nitrogen content of an average Indian soil may 
be taken to l)e in the order of 0*05 %. If we con- 
sider the soil up to the 3rd feet depth, all nitrogen 
would have been exhausted in less than 100 years 
and the soil would have been completely free from 
nitrogen and hence sterile. As this is not the case, 
the ijossibilities of nitrogen addition to the soil may 
be by (1) rain water, (2) by azotobacter, (3) by blue- 
green algae and (4) by leguminous crops. It may be 
assumed that additions of nitrogen by one or other 
of these agencies account for the constancy of the 
nitrogen level of the soil despite the huge annual 
loss of nitrogen. 

It has been generally considered possible that 
the nitrogen status of a soil can be improved by 
growing leguminous crops. In some ca.ses, if legu- 
minous crops grown are not incorporated to the soil 
after the grains have been taken out, rather aclverse 
effects arc produced. But the acreage under legu- 
minous crops is extremely small as compared to the 
total cultivated area. An uncertain but moderate 
estimate of such is about 13% of the total cultivated 
area. So the rest, that is, about 90%, do not get 
any benefit from the growth of leguminous crops.* 

It is known that rain water brings down on 
an average 4 lbs. of nitrogen in a year per acre.' 
This is only a small contribution, if not at all 
insignificant, for the total annual removal. 

Fixation of enough nitrogen by azotobacter is 
rather a doubtful process. Ingham* has calculated 
the amount of energy materials that would be 
required for the fixation of enough nitrogen to 
account for the total annual loss. This comes to be 
about 5 tons of .sugar or 50 tons of green manure 
per acre. And this has to be repeated every year 
for the growth of annual single crops. In practice, 
hardly aiiytliing of the kind is added to the soil. 

De* obtained evidence that blue-green algae arc 
the main agents of nitrogen fixation in rice soils and 
the part played by the bacteria is relatively unim- 
portant. Nitrogen fixation by tlie blue-green algae 
has also been studied in detail by Singh.'* 
Choudhury" however, has raised doubts about 
nitrogen fixation by algae. As we leave these un- 
certain and conflicting views for arriving at a definite 
conclusion, we turn our attention to yet another 
possible source of nitrogen, the atmosphere. 

That the atmosphere contain traces of ammonia 
is already well-known. « 

Some clays'* and some very\ common constituents 
of- soil'* have got a very , high i^wer of absorbing 
ammonia. Traces of ammonia tlfat occur in the air 

V • 


may be supposed to be absorbed by the aoil, retained, 
nitrified and made available to the growing crop. It 
is a common experience in the laboratories to see 
acid bottles covered with white coatings in time. 
These are due to ammemium salts of the acids which 
reacted with the traces of ammonia in the atmosphere 
of the laboratory. The process in the case of soils 
is, however, not unnoticed in India. Ammonia is 
known to condense on the surface layers of cultivated 
soils.'* Ingham exposed pulverized soil in trays for 
18 months and observed a huge increase in total and 
ammpniacal nitrogen. . No loss of organic carbon 
was noticed and naturally the fixation was not due 
to bacteria. Slow nitrification was also observed. 
The increase in 6 months alone, calculated in lbs. 
of nitrogen per acre, was enough to .support a heavy 
crop like maize. 

Though such heavy fixation is hardly possible 
under field conditions, it is quite plain that the 
absorption of ammonia from the atmosphere can 
alone account for the total annual loss of nitrogen 
from the .soil. * 

As can be expected, absorption of ammonia is 
very prominent in add soils. In a fertilizer experi- 
ment by Borden** with different ammonium salts and 
ammonia alone in irrigation water it was seen that 
in a soil of pK 5*6 anhydrous ammonia gave the 
highest yields, while a soil with pH 6*5 was in- 
different to these different ammoniacal fertilizations. 

In a preliminary experiment, it has been found 
that a soil which has absorbed ammonia retains a 
certain amount of it tenaciously, and ammonia is 
not lost even if it is heated to no C. A few results 
are quoted below : 


Soil 

pH before | 

absorption j 

till 

1 

Clay % 

NH, retained 
after dr>4ng 
to lOOC mgs. 
per 100 gms. 
soil. 

Dacca .. 

4g7 

8-34 

6-26 

248 

. 86 

Ranchi 


8-66 

8-34 

241 

40 

Pusa .. «. 

7- 17 

7-45 

7-<» 

5-6 

18 

Sialkot 

686 

7*37 

700 

201 

70 

Jorhat .. 

5-43 

8-38 

8t3 

10-9 

43 

Gazranwala |.. 

7-57 

805 

7-80 

18-8 

46 


Albrecht and McCalla'* has shown that ammonia 
retained by the soils easily nitrifies, and nitrates are 
formed. 

Atmosphere is able to supply suffident ammonia 
to the plants .even in view, of the negligible amount 
of this material in. the air. Requirement of carl^n 
for crops, is about zoo times more than its require- 
ment for nitrogen. Still it occurs in very small 
amounts in the air i,e, about 100 parts only per 
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million. Nitrogen or ammonia is much less required 
than carbon and the ammonia content of the atmos- 
phere may easily satisfy the requirement. And the 
air near the dwelling places and crowded cities 
contains more ammonia than the air above the sea 
water. A few determinations by Angus Smith^' 
showed the following amounts of ammonia per loo 
gms of air : 

City Athmonia 

London 0*05 

Glassgow 0*06 

Manchester 0*10 

Sea water is alkaline and contains some amount 
of ammonia which is being constantly released by 
evaporation. It therefore, appears, that the ammonia 
content of the atmosphere is maintained at a 
constant level. As there is absorption by the soil 
there is also replenishment by the sea water. 

India spreads over an area of about 520 million 
acres, and the ammonia of the air over the country, 
after Newth,’* comes to be about 100 million tons. 
It is reasonble to suppose that this amount of 


ammonia may be constantly f^ing Indian soils 
with nitrogen. 
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NEW DIRECTOR GENERAL OF OBSERVATORIES 

DR S. K. BANRRJI, D.Sc., O.B.R.. F.N.I. 


record with great pleasure that Dr S. K. 
Banerji, D.Sc., O.B.E., F.N.I. , has succeeded 
Dr C. W. B. Normand, C.I.E., as Director General 
of Observatories on September 10, 1944. Since 19,32, 





Pr S. K. Bankrji 


Dr Banerji has been the chief administrative officer 
in the Meteorological Department and was appointed 
Superintending Meteorologist (administrative) in 
October, 1938. He officiated as Director General of 
Observatories on several occasions for a total period 
of about 2j^ years. He is the first Indian to be 
appointed in this post. 

Dr S. K. Banerji was bom on the 27th April, 
1893, in Malapdia in the district of Dacca. He had 
a brilliant career in the schools and colleges and 
finally passed in first class, in 1914, the M.Sc. 
Examination in Applied Mathematics from the Presi- 
dency College, Calcutta. In 1915, he obtained the 
Premchand Roychand Scholarship, which is regarded 
as the blue ribbon of the Calcutta University. In 
the same year, he was appointed an Assistant Pro- 
fessor in the department of Applied Mathematics of 
the newly founded University College of Science. In 
1918, he obtained the degree of lloctor of Science 
by a thesis on “Some problems in Diffraction and 
Wave Motion*’, and in the same year succeeded Dr 
Ganesh Prasad in the Chair of Sir Rashbehari Ghosh 
Professor of Applied Mathematics. He thus became 
full Professor and Head of the Department of Applied 
Mathematics at the early age of 25- 

Soon after passing his M.§c., Dr Banerji came 
under the influence of Mr (now Sir) C. V- Raman 
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and also Professor Gaiicsh- Prasad. At the sugges- 
tion of Professfjr Raman, Mr Banerji commenced an 
investigaion of the aerial waves generated by impact 
and the results were published in a number of papers 
in the Philosophical Magazine, the first of which 
api>earcd in igib. In that connection he developed 
a new instrument, which he called ballistic phono-, 
meter. This early work of Dr Hancrji has found 
place ill text books on Sound (Text Hook of Sound, 
by A. T. Jones). 

Ilis work on the Theory of Foucault’s test and 
the radiation from the edges of diffractive apertures, 
]>ublishcd in Philosophical Magazine, iqi8, is a con- 
tinuation and development of Lord Ra.vleigh’s work 
on methods for detecting small optical retardations, 
and on the theory of F'oucault’s test {Philosophical 
Magazine 1917), and has been acknowledged as such 
by Lord Rayleigh [Vide Scientific Papers, Vol. V). 

At the same time. Dr Banerji became deeply 
interested in boundary value problems, and in Bevsscl 
functions, and published several papers on electrical 
and acoustical wave motions, surface and tidal waves. 
He published for the first time, the interest- 
ing transformation theorems and several others, 
which arc of considerable value in connection with 
wave filiations. 

In 1Q18, Dr Banerji became the Secretary of the 
Calcutta Mathematical Society, and also the Physical 
Science Secretary of the Asiatic Society of Bengal, 
and remained so until 1922 when he joined the India 
Meteorological I>cpartment. During these years, he 
attracted round him a number of workers. Under 
his directions, Mr Bholanath Pal published several 
papers on Zeros of Bessel functions, which have been 
reproduced in extenso in Hobson’s Spherical Har- 
monics ; and Mr Abani Bhiisan Datta many interest- 
ing series in Bessel functions, for which he was 
awarded the degree of Doctor of Philo.sophy. 
Dr Banerji published many papers on harmonic func- 
tions, and on acoustical and optical problems in the 
Bulletin of the Calcutta Mathematical Society, 
Philosophical Magazine, Physical Review, Astro-: 
physical Journal, etc. His paper in Physical Review 
on vibrations of electric shells partly filled with 
liquid gives a complete theory of “Musical cups.” 
In the Sir Asutosh Mookerjee Silver Jubilee Volume, 
1922, he dcveloiK'd a series of ellipsoidal harinoiiics 
and solved the problem of vibrations of a gas in an 
ellipsoidal cnvelo])c, the non-stationary state of heat 
•in an elli[)Soid, and several other problems by very 
simple methods. The ideas contained in this paiier 
have been further developed by F. Moglich in a 
pajKT on “Bengungs-erscheinungen an Kdrporn vol 
ellipsoidischcn Gestalt”, (Ann, d. Phys., 83, 1927). 

Under his vigorous leadership, the Calcutta 
Mathemali<^l Society showed a considerable develop- 
ment. Monthly meetings were held in which papers 


were read and discussed and its bulletins became a 
quarterly publication. 

Dr Banerji took active interest in the Indian 
Science Congress and contributed papers regularly 
commencing from its first session in 1914. He was 
elected President of the Physics and Mathematics 
Section of the Congress held at Lucknow in January, 
1923, and in his presidential address gave a review 
of the cyclones of the Indian Seas and the theory 
of their formation, growth and decay. 

At the invitation of vSir Gilbert T. Walker, Dr 
Banerji joined the India Meteorological Service, 
Class I, in April 1922, and was posted as Director of 
the Colaba and Alibag Observatories. • Here he inle- 
re.sted himself in a variety of geophysical problems. 
His first contribution on the depth of earthquake 
focus (Nature, 1922 and Phil. Mag.,- 1924) is regarded 
ns a fundamental one and has been widely quoted 
and referred to in text books on Seismology and 
Geology. His memoirs of micro.sei.sms associated 
with disturbed weather in the Indian Seas published 
in the Philosophical Transactions of the Royal 
Society, 1928, opened out a practical method of 
detecting disturbed weather over the seas, i>arti- 
cularly cyclones, and estimating their intensity. He 
developed the tlicory of inicrosei.sms still further in 
a par)er on “Theory of Microseisms” publi.shcd in 
the Proceedings of the Indian Academy of Sciences, 
1934. He developed a method of recording the 
electric currents flowing over the surface of the earth 
(“earth currents”) by neutral electrodes, and took 
continuous records of these currents for a year. The 
results were published in the Memoirs of llie India 
Meteorological nc])artment, Vol. XXVI, 1927, and 
constitute the only observations available in India of 
this phenomenon. Dr Banerji .set up a series of appa- 
ratus for simultaneous recording of electric charges 
of raindrops, the potential gradient, changes in the 
gradient produced by lightning flashes, thunder- 
lightning intervals, and published a number of 
papers in the Quarterly Journal of the Royal Meteo- 
rological Society and the Philosophical Transactions 
of the Royal Society on the electricity of overhead 
thunder-clouds. Tlip distribution of charges in 
thunder-clouds and other results obtained in these 
papers have been widely quoted. 

Soon Dr Banerji attracted a large number of 
research students ^o work with him on various pro- 
blems, and in recognition of the work done by him 
the Government of Bombay appointed him as 
Honorary Professor of Applied Physics in the Royal 
Institute of Science, Bombay, for a number of years, 
and conveyed their appreciation of the valuable work 
done by him. Several students working under- him 
obtained the M.Sc. and PhD. degrees of the Bombay 
University. Investigations carried on covered a large 
number of subjects, such as discontinuous fluid 
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motion, evaporation, artificial vibrations of ground, 
sound characteristics of Indian alphabets, etc. In a 
recent communication published in Indian Journal of 
Physics, Dr Banerji has discussed in considerable 
detail the interchange of electricity between solids, 
liquids and gases produced by mechanical action, 
and has shown how these results will affect the 
“Breaking-Drop** theory of the origin of electricity 
in thunderstorms. 

In 1933, he officiated as the Director General of 
Observatories for eight mouths. In 1934 he went to 
Ruropc on leave and visited all the important meteo- 
rological and geophysical centres. He also attended 
as a member the International Congress of Applied 
Mechanics held Ut Cambridge in 1934 and partici- 
pated in the discussion. 


Before being appointed as the Director General 
of Observatories, Dr Banerji was Superintending 
Meteorologist in the Upper Air Office, New Delhi 
for nearly 2 years. During that period he gave con- 
siderable attention to radio-sonde ; tlie clirononietric 
type of radio-sonde, which was in the exi»crimcutal 
stage was given the final shape, with several new 
features, and arrangements were made for its mass 
production and for daily ascents, which is now a 
regular feature. 

In the post-war, the meteorological service has 
to play a very iniijortant i)art in relation to civil 
aviation and agricillture, and it is hoiK^d, that under 
Dr Banerji*s leadership, the deimrUiieiil will rise to 
the height of the occasion. 


IBotes anb flews 


OUR NEW EDITORS 

Thr readers of Scikncr and Culturk are aware 
that the Indian scientists who arc now visiting the 
United Kingdom in response to an invitation ex- 
tended to them by His l^lajesty’s Government and 
will shortly be in the United States include three 
editors of ^IKNCR and Cui^turk, namely Prof. M. N. 
Saha, Prof. S. K. Mitra, and Sir J. C. Ghosh. Dr 
B. C. Guha, Technical Food Advisor to the Govern- 
ment of India and one of our editors and joint 
honorary secretaries of the Indian Science News 
Association, it may be recalled, is now also on tour 
in Great Britain on a si)ecial Government mission. 
The Indian Science News As.sociation has been 
])articularly fortunate to secure the services of Dr 
D. M. Bose, Director, Bose Research Institute, and 
Prof. P. Ray, Khaira Profe.ssor of Chemistry, 
University College of Science, Calcutta, who have 
kindly consented to serve in the editorial board of 
Science and Culture during the absence of these 
editors. Dr D. M. Bose and Prof. P. Rfiy will 
further act jointly as the honorary secretaries to the 
Indian Science News Association till the return of 
our permanent secretaries. We extend to them our 
hearty welcome and assure them our best co-oi)eration 
and service for the successful prosecution of the 
activities of the Association. 

INDIAN SaENTISTS IN GREAT BRITAIN 

The proposed visit to the United Kingdom of 
the Indian scientists at the invitation of His 
Majesty’s Government, first announced in April last 


and eagerly awaited all these months, has at last 
taken place. Of the seven seieiilists constituting the 
Scienlific Mission, Sir S. S. Bhatnagar, Sir J. C. 
Ghosh, Dr. Nazir Ahmad, Prof. vS. K. Mitra and 
Prof. J. N. Mukherjee left India early in October 
and are now in Great Ihitain conferring with eminent 
British scientists and visiting places of scientific and 
industrial inUrcst. Prof. M. N. vSaha, another 
member of the Mission, cf)uld not acconii)any the 
party early in October and later left for luigland. 

The Indian Scientific Mission whose inception 
may be traced to the iiilluence of Prof. A. V. Hill 
who recently visited this country lias, as its principal 
object, the establishment of contacts with the 
scientists of allied nations and to plan arrangements 
for collaboration and e.xchange with a view to pro- 
moting scientific ami industrial status of post-war 
India. The Mi.ssion will also visit the I’nited States 
of America and, if possible, the Dominion of Canada. 
The members of the Mission have also expressed their 
intense desire to visit U. S. vS. R., but it is not yet 
known whether such a visit will be arranged. 

The five Indian scientists, immediately after 
their arrival in bondon, were accorded a cordial wel- 
come at a historic gathering of scientists at the Royal 
Society. 

At a press conference held in the premises of the 
Royal ScK'iety and presided over by Prof. A. V. Hill, 
the Indian scientists indicated the need for scientific 
and industrial development in India. They pointed 
out that the industries brought into existence as a 
result of scientific discoveries cannot survive in a 
competitive world if not continually improved by 
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fresh "ideas and inventions. The war made the 
authorities in every country conscious of the value 
of scientific research. Although India has witnessed 
the creation of a number of scientific organizations, 
such as Imperial Council of Agricultural Research, 
the Indian Medical Research Fund Association and 
the Council of Scientific and Industrial Research, 
expenditure from public funds on scientific research 
in India is still insignificant. This war lias shown 
many gaps in India’s industrial structure frought 
with great danger. Considerable development of war 
and key industries now awaits materialization in the 
near future, for which capital goods, machine tools 
and technical knowledge will be needed in increasing 
amount and variety. The Mission has been autho- 
rized to investigate the possibility of obtaining 
scientific equipment worth several lakhs of rupees 
from Britain and U.S.A. In this connection the 
question was asked as to whether part of India’s 
credit balance with Britain which may amount to a 
thousand million pounds could be spent partly on 
research equipment. Prof. Hill said, * ‘India will pro- 
bably need to spend the credit balance in obtaining 
capital equipment for industries. Without this she 
could not start on serious industrial development.” 
The scientists expressed firm conviction that modem 
scientific and technical methods could banish from 
India disease and low standards of living if freely 
applied without any interference from powerful 
vested interests. They also made it clear that the 
plan for the industrial progress of India can be best 
carried out under a National Government. 

A CENTRAL PLASTIC RESEARCH INSTITUTE 

At its meeting held on September 17 and. 18 at 
the Indian Institute of Science, Bangalore, with Sir 
}. C. Ghosh in the Chair, the Plastic Research Com- 
mittee of the Council of Scientific and Industrial 
Research recommended the creation of a Central 
Plastic Research Institute at a capital cost of Rs. 20 
lakhs and recurring annual expenditure of about 
Rs. 4 lakhs. The Committee fully realized the grow- 
ing need for plastic research in this country, which 
covers a vast field of research and development, and 
strongly expressed its opinion that every attempt 
should be made to manufacture in India raw materials 
essential for the development of the plastic industry. 
Such raw materials are thenol, urea, pythalic anhy- 
dride, polyhydric alcohols, acetone, ethyl-, butyl- 
and amyl-acctate, cellulose-nitrate, cellulose-acetate 
and cellulose-ethers, etc. The Committee further 
considered that in the field of natural resins investi- 
gation and technical development should be concen- 
trated on Celiac, animal and vegetable proteins, 
resins, vegetable oils, industrial wastes like horn 


waste, bagasse, coffee-beans, seed cakes etc., and 
lignin. These investigations and developments call 
for the establishment of a properly constituted Central 
Plastic Research Institute of the type recommended. 
The subject is so vast that original investigators in 
various parts of India should also be encouraged to 
carry out laboratory experiments in these subjects, 
as the Committee has rigtly suggested. Large scale 
pilot plant experiments on the basis of results so 
obf&ined should, however, be carried out in co- 
operation with experienced workers of the Central 
Plastic Research Institute. 

MORE BARRAGES FOR SIND 

Wa learn with satis&ction that the Sind Govern- 
ment has completed plans to build two more barrages, 
one in Lower Sind and the other in Upper Sind, and 
has already placed order for the machinery needed for 
the job. The Government intends to start operations 
as soon as possible, and the first excavation work 
will in all probability be undertaken in November. 

The Lower Sind Barrage will be situated at 
Hajipur, 16 miles below Xotri, and the Upper Sind 
Barrage at Gudu Head, go miles north of Sukkur. 
Three big canals, all on the left bank of the Indus, 
will take off from the head of the Lower Sind 
Barrage, feeding the Fuleli, Piniari and other small 
canals. Another big canal on the right bank will 
carry water to the Calavy and Bagha Canal and to 
the Osto track. Two big canals will take off water 
from the right side of the Upper Sind Barrage and 
feed the Begar’s Desert Sindwah and other canals. 

The project, when completed, will create fresh 
facilities for irrigation and will be responsible for 
bringing under cultivation 49 lakhs of acres of addi- 
tional lands. Rice will be the main crop to be culti- 
vated in the newly irrigated area, but certain dry 
crops will also be grown. 

The two barrages are estimated to cost Rs. 16 
crores, according to pre-war estimate. Sind’s first 
barrage at Sukkur, it may be noted, cost 24 crores of 
rupees, and the money was realized in course of less 
than ten years in the shape of increased revenue. 

LOCUST CONTROL IN INDIA 

In the middle of September, representatives of 
the Teheran International Locust Control Cdmniis- 
sion, including British, Soviet and Iranian experts, 
visited this country to confer with the Indian experts 
on the question of locust control. The conference 
took place at New Delhi, and the extent of success 
of the locust campaign in India during the last 
summer and the possibilities of the degree of invasion 
which Iran and Arabia might expect from, the Indian 
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side during the next autumn and winter were dis- 
cussed. It emerged that owing to unusually good 
monsoons this year locust breeding had taken place 
over an extensive area of about one lakh siiuare 
miles in the deserts of Sind-Kajputana. But the 
control work had been so efficient that an extremely 
small percentage of hoppers escaped destruction and 
Itad given rise to only two or three swarms. This 
was responsible not only for the saving of India’s 
own kharif crops from locust depredations, but such 
effective control prevented swarm invasion of the 
neighbouring countries, e,g. Afghanistan, Iran and 
East Arabia. The foreign experts also visited the 
breeding areas to ascertain the Indian technique of 
locust control. 

INDUSTRY AND ACADEMIC RESEARCH 

According to a report in Nature, the Directors 
of Imperial Chemical Industries, ttd. have recently 
made generous provision for eighty fellowships at 
nine universities in Great Britain. The fellowships 
are generally meant to be held by senior workers in 
various branches of science. Although the univer- 
sities have been given wide choice in the selection 
of the subjects for research, emphasis has been laid 
on such subjects in chemistry, physics and allied 
sciences, namely physical chemistry, biochemistry, 
colloid science, chemotherapy, pharmacology, engi- 
neering and mctalltu-gy, as have direct bearing on the 
manufacturing interests of the I. C. I. But these 
subjects, it is to be noted, themselves cover the entire 
scientific background of modem industry. Only one 
notices scant attention being given to biological and 
social sciences in the scheme of fellowship ; but it 
has also been made clear that the fellowships may 
be used by the universities to improve the balance of 
research effort, either in a particular university or 
between one university and another. 

It appears that the main purpose of the fellow- 
ship is to strengthen the general provision for scienti- 
fic teaching and research in British universities. It 
is realized that future development of industry, 
particularly the efficiency in industry, depends upon 
a regular supply of men of requisite ability who can 
fill high academic and industrial positions. A 
balanced development of the efficiency in teaching 
and scientific research in the universities can alone 
ensure this flow of vital men. In his letter to 
chancellors of the universities. Lord McGowan most 
fittingly stated: “Nearly three generations of ex- 
perience of the administration and conduct of re- 
search have convinced us that academic and industrial 
research are interdependent and complementary, and 
that it is useless to expect substantial advances in 
industry without corresponding advances in academic 
science.” Although it is not for the first time that 
such a remark has been made. Lord McGowan’s re- 


mark affirming the supreme need for academic re- 
search on fundamental problems of science may serve 
as a warning to those who, in their enthusiasm for 
industrial research, are prone to underestimate the 
value of academic research. What is needed is in- 
creased co-operation between indUvStry and university, 
as exemplified in the I.C.I.’s generous provision for 
fellowships for the promotion of teaching and 
scientific research in universities. I.C.I.’s instance 
should inspire similar co-operation in India now that 
this country is seriously thiiikiug in terms of industrial 
research and development. 

WAR AND OIL 

Thk old slogan that an army cannot march on 
empty stomach now stands corrected as that an army 
cannot march on empty oil tank. Speaking of the 
Allied victory in the last war. Lord Cur/.on said that 
the Allies swam to victory on the wave of oil. The 
part played by oil in the present global war of three 
dimensions, in which highly mechanized units are 
carrying on relentless campaigns on laud, at sea, and 
in air need hardly be overestimated. In his article in 
a recent issue of Technology Review, Roland F. 
Beers quotes some figures relating to military raiuirc- 
ments for oils of various descriptions, which make 
interesting reading. The U. S. armed forces require 
approximately 50,000,000 gallons (250 gallons=i ton) 
of gasoline, fuel oil, lubricants, and other products 
of [letroleum every day. The U. vS. Navy consumed 
over 1,000,000,000 gallons of oils in 1942 and twice 
this amount in 1943. Figure for the current year, 
although not quoted, will doubtless indicate a much 
greater amount. A mcchaiiized Army division on the 
move operating with a total horse-iiower of about 
200,000 consumes nearly 18,000 gallons of gasoline 
I)er hour. 

Wc have recently heard a good deal about 1000 
planes air raids over Germany. A single air raid on 
such a scale calls for a consumption of more than 
1,000,000 gallons of gasoline and 30,000 gallons of 
lubricating oil. Every Flying Fortress retiuircs not 
less than 500 gallons of gasoline. It has further been 
estimated that 3 j^ounds of gasoline are needed to 
deliver one iiound of bombs filled with petroleum 
explosives. 

The demand for petroleum in the military has 
become so heavy and exacting of late that even 
U. S. A., with her vast resources of petroleum, in- 
creasingly finds it difficult to cope with it. In 1943, 
the total consumption of oil in U. S. A. amounted 
to 1,500,000,000 barrels (46 gallons =i barrel). At 
the beginning of the present year she has been pro- 
ducing at the rate of 4,000,000 barrels a day. Her 
present production rate is estimated at 4,500,000 
barrels a day, which is, however, being maintained 
with great difficulty. Some operators foresee that in 



SCIENCE AND CULTURE 


Vol. X, No. 6 


198 

1945 her daily rcciiiirenient of petroleum may develop 
into 5,000,000 barrels a day. For the last few years 
U. S. A. failed to etiualize her output rate with con- 
sumption rate and had to draw upon her reserve 
stocks which are being steadily depleted. In January 
1941, IJ. S. A. had in storage above the ground 
ai>proximate1y 263,000,000 barrels of crude oil which 
declined to 240,000,000 barrels by January 1944. 
During the same period, her heavy fuel oil stocks 
dwindled from 86,000,000 barrels to 54,000,000 and 
gasoline stocks from 90,000,000 to 78,000,000 barrels. 
Only her stocks of light fuel oil indicated a slightj 
increase from 37,(^00,000 to 39,000,000 barrels. For 
this growing deficit II. S. A. has at present to depend 
on foreign sources of oil and on the po.ssible dis- 
covery of new oil fields in lier own territory. The 
article describes how intensively the search for new 
oils is now going on in U. S. A. for which the services 
of wildcatters as well as competent scientists, includ- 
ing geologists, physicists, chemists, electrical engi- 
neers, mathematicians, bacteriologists, biologists, 
paleontologists, mineralogists, petrographers etc. have 
been re(iuisitioned on a large scale. Three hundred 
and fifty of tliese crews, nuiiftering up to 15 per 
crew, are now engaged in their search for oil 
throughout the United States. The total annual out- 
lay for exidoration work is now reported to exceed 
$350,000,000. 

^GERMANY’S SYNTHETIC OIL 

Unijkic the United Nations, Germany is quite 
adversely .situated with regard to her supjdy of 
natural oils and has to depend largely on synthetic 
oils for the successful i)rosccution of the war. 
Si)eculation is rife as to the extent of the output of 
synthetic oil in Germany,, and various figures have 
been quoted from time to lime from more than one 
source. An article in a leading Swiss paper, accord- 
ing to a report in The Chemical Age, recently dis- 
cussed the synthetic oil situation in Germany and 
estimated her total output of synthetic oil at 
10,000,000 tons i>cr annum. 

Oil is produced largely from lignite in which 
Germany abounds. Most of the larger lignite mining 
companies have established their own plants for the 
hydrogenation of coal on the right bank of the 
Rhine under the leadcnshij) of the Gelsenkirchner 
Mining Company. It is stated that about 30,000,000 
tons of lignite mined in the neighbouring Geisel 
valley are being utilized for the production of synthe- 
tic oil. On an average, about five tons of lignite 
yields one ton of motor fuel. At the Saale Water 
Works near Leuna, about 800,000 cu.m of water are 
being daily used for the procfuction of hydrogen 
required for the hydrogenation of coal. Lcuna and 
the Gleiwitz Works in Upper Silesia are reported to 


be the most important centres for production of 
S)mthctic oil, each having an annual output of over 
a million tons. 

Most of the plants are worked underground for 
rea.sotis of safety aJtainst air raids and arc further 
provided with smoke screen arrangements. The 
iilechhammer plants are completely underground and 
are rcix)rted to have survived several air attacks. 
With lier growing difficulties of obtaining supplies 
of natural oil from Rumania, Poland, Hungary and 
Estonia, Germany will have to depend entirely on 
her synthetic oils, and her ability to continue the war 
will l)e derived from her ability to maintain the tempo 
of synthetic oil production on an upward curve 
despite the gloomy pro.spect of increased Allied air 
attacks. 

INDIAN SUGAR INDUSTRY 

Thr annual general meeting of the Indian Sugar 
Mills Association and the 13th convention of the 
Sugar Technologists Association of India, with Mr 
Lalchand Hirachand in the Chair, took place at 
Cawui)ore on September 11, 1944. In course of his 
two presidential addresses, Mr Hirachand reviewed 
the scientific and the economic aspects of the sugar 
industry and came forward with a number of signi- 
ficant suggestions. He referred to the low average 
yield of cane in India, which is only 388 maimds per 
acre compared to 1446 maunds in Java and 1515 
maunds in Hawaii. During recent years a progressive 
decline in yield per acre has been noticed. Further- 
more, the Indian cane is deficient in sucrose coiiteiil 
as compared to that of Java and Hawaii, which 
adversely affects the cost of manufacture. It has been 
estimated that a difference of 0 3 per cent, in the 
sucrose content affects the cOvSt of production by six 
annas per maund. With regard to milling extraction 
and boiling house j>ractices, the Indian industry 
suffers from low efficiency. Thus, with a fibre content 
as high as 15 per cent, to 16 per cent., the Indian 
manufacturers re(iuirc large quantities oj^ coal and 
wockI to supiileiiient bagasse, whereas the manufac- 
turers in Java, using cane with a fibre content of 
II iKjr cent., do not require any extra coal or wood. 

Hardly any use is now made of the important by- 
products, such as molasses and bagasse, despite 
immense possibilities of utilizing them as starting 
raw materials for useful products. Molasses is a 
lK>tcntial raw material for the manufacture of power 
alcohol which, as motor fuel, very nearly approaches 
the ideal fuel. The .use of power alcohol in mixture 
with i>etrol up to a iiercentage of 50 has been made 
compulsory by legislation in most of the sugar pro- 
ducing countries. Mr Hirachand estimates (hat a^ut 
19 to 25 million gallons of power alcohol worth about 
Rs. 75 lakhs to Rs. 95 lakhs can be produced in India 
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from 3 to 4 lakh tons of molasses which is Roing to 
waste at present. Despite rci)eated attempts, the 
sugar factories in India have been denied the privi- 
lege of undertaking the production of jwwer alcohol 
in India, The Government of India has thought fit 
to safeguard the vested foreign oil interests in this 
country and ignore the demand of Indian industries, 
which may promote economic well-being. “Here lies 
the difference,** remarked Mr Ilirachaiul, “between 
the National Government and the Foreign Irrespon- 
sible Government.** 


PAUEOBOTANY IN INDU 

Prof. B. Saiini, F.R.S., acting as Convener and 
Dr R. V. Sitholey, D.Sc. as Secretary of a coniinittce 
of 24 botanists working in Paleobotany have now 
published the .sth annual rciKjrt of the progress of 
current research on fossil plants in India {Proc : 
Nai: Acad: Sc., 14, 1-2, 1944). Of the 31 papers 
abstracted, majority arc from Lucknow, by Prof. 
Sahni himself and by his pupils working under his. 
inspiring guidance^ Contributions are also noted 
from Bangalore, Benares, Bikaner, Hyderabad, 
Madras and Nagpur. 'I'lic report includes not only 
abstracts of pajiers already published elsewhere but 
also abstracts of work in progress at the respective 
centres. An additional feature of these abstracts is 
that they arc fully illustrated. 

The outstanding contribution included in this 
report is an abstract of the presidential address deli- 
vered by Prof. Salmi to the National Academy of 
Sciences at a joint meeting with the Indian Aca<lemy 
of Sciences, in December last year, ‘Chi the 
age of the Punjab salt in the light of recent 
evidence*. This long debated ciuestion of the age of 


the saline series has been approached from the micro- 
paleontological i^iint of view. From the evidences 
of such microfossils as slifeds of Angiosperms, Coni- 
ferous wood, wood elements with simple and bor- 
dered pits, ]udlen grains of Angic)sy)eniis, cuticles of 
grasses, fungal liyphae and insect remains c.g., 
Diyitera, it is concluded tliat the saline series, at least 
at Khewra in the Salt range, is of Focene age, as 
already suggested by Koken and Noclling (1Q03) and 
subseciuently by Holland, Pascoe, W’adia, Davies and 
many other geologists. “The saline scries of the 
Punjab salt range, although it underlies the Paleo- 
zoic sequence in the eastern part of the range, has 
come to ficcupy this inferior ])osition owing to an 
overthrust of large magnitude whicli has shoved older 
lied.s on the saline series’*. C. S. Fox and F. R. Gee, 
however, claim these beds to be as old as Cambrian 
or Pre-Cambrian. 

NOBEL AWARDS FOR 1943 AND 1944 

The report of the Nobel awards in Physiology 
and Medicine for 1943 and 1944 is just to hand. 
Professor Kenrik Dam of Copenhagen and Profess(jr 
Edward Adelbert Doisy of Saint Louis, Missouri, have 
shared jointly the priz( for Physiology and Medicine 
for J943. The same award for 1944 has been made 
jointly to Professor T{meritus Joseph Erlanger of 
Saint Louis and Professor Herberts Gasser of New 
York. 

Professor Dam discovered vitamin “K** replay 
and Professor Doi.sy the chemical nature of the 
vitamin. Professc^rs Erlanger and Gasser made signi- 
ficant contribution to our knowledge of the manifold 
and functional differentiations on nerves. It may be 
noted that the United States alone has annexed three 
prizes out of four. 
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SYNTHESIS OF VITAMIN C FROM BEEfT PULP 

A NEW synthesis of vitamin C based on beet puli> 
is reported in The Chemical Age, July 8, i944« 
Developed in America, the method is capable of 
producing approximately 50 lb. or 23 kg. of vitamin 
C from one ton of dry beet pulp and bids fair to 
compare favourably with the process now in com- 
mercial use. ^ 

The vitamin C, it rt»y be recalled, was first 
synthesized simultaneously by Rcich.stein and by 
Haworth and Hirst. Their metliod was, however, 
very laborious and invcAved the production of galac- 


turonic acid from galactose, its subsequent reduction 
to f-galactonic acid, oxidation to /-lyxosc and con- 
version to Myxosone. Vitamin C was finally obtained 
by adding hydrogen cyanide and then hydrolyzing 
the product. In this way many analogues of 
vitamin C were also prepared. But owing to such 
tedious oiieratioiis the method could not be applied 
successfully on a commercial scale. 

The abundance of galacturonic acid, the starting 
material for the syntlic.sis of vitamin C, in plant 
materials, such as the dry pulp left after the extrac- 
tion of sugar from sugar beets and the pulp from 
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citrus fruits and apples, suggested the possibility 
of synthesizing vitamin C‘ from beet pulp. The dry 
pulp contains about 30 pet cent of the acid in the 
form of pcctic substances, and a simple method for 
obtaining salts of galacturonic acid in any desired 
quantity has now been developed. The method 
consists in treating the pulp in water with TectinoT, 
an enzyme preparation used for the clarification of 
fruit juices, when galacturonic acid separates from 
the pulp and remains in solution with water. The 
acid, however, cannot be crystallized from the solu- 
tion as such ; the calcium, sodium-calcium and 
sodium-strontium salts are first prepared by neutra- 
lizing the hydrolysate with appropriate bases and 
their crystals obtained by evaporating the solution. 
The salts of the galacturonic acid, thus preixircd, 
retain about 18 per cent of the original beet pulp. 

The salt of galacturonic acid, say sodium calcium 
galacturonatc, is reduced by hydrogen to sodium and 
calcium /-galactonates with the help of a Raney 
nickel catalyst. The salt is next converted to U 
galactonate with sodium chlorate in the presence of 
vanadium pentoxide. The methyl ester is then 
treated with sodium methylate to give sodium 
ascorbate which readily yields crystalline vitamin C. 

The new method of analysis is much simpler 
than other methods now practised, t mole of 
galacturonic acid can theoretically produce i mole of 
vitamin C ; or o'y part of vitamin C may be derived 
from I part of sodium calcium galacturonate. How- 
ever, the actual yield has not been found to exceed 
20 per cent of the theoretical. 

CAROTENE FROM SWEET POTATOES 

Thr United States Government researchers have 
recently extracted carotene from sweet potatoes, ac- 
cording to a report in Scientific American, Sweet 
potatoes were already recognized as an important 
potential source of carotine or pro-vitamin A. 
Acetone was employed for extraction in one of the 
methods, which gave a product of 90 per cent, purity 
in a yield of about 39 per cent. The acetone ex- 
traction was carried out in four or five stages. The 
first two stages were concerned with the dehydration 
of the potato pulp and little carotene was absorbed 
in these operations. The third and fourth stages in 
which a greater quantity of acetone was used ex- 
tracted most of the carotene which was subsequently 
crystallized. 

RUBBER FROM CRYPTCSTECtA CRANDIFLORA 

Since the Japanese occupation of Malaya and 
the Dutch East Indies, the United Nations are 
deprived of about 90% of their supplies of raw 
rubber, and the jxissibility of developing other 
sources of vegetable rubber afe being explored. 


Mr A. h. Griffith, Silviculturist, Forest Research 
Institute, Dehra Dun, in the Indian Forest leaflet 
No. 64 (Silviculture), 1944, describes the practical 
experience gained during the past year in the raising 
of Cryptostegia grandiflora (Asclepiadaceae), as a 
war time emergency plantation crop, which calls for 
maximum production in the minimum time, with 
cost as a secondary consideration. The information 
is intended to help those engaged in raising planta- 
tions this year so that the best use is made of the 
experience gained so far. 

The plant is indigenous to Madagascar and 
probably to Africa and many years ago was imported 
into India as a garden plant for its flowers. It is 
now found growing in all parts of India in various 
types of soil, in all climates without regard to ten> 
perature, rainfall, humidity, in deserts and in dry 
areas, in river banks and in places where the sub-soil 
water table is high. Thus the plant displays an amaz- 
ing adaptability to wide variations in environment. 
“A well-drained fertile soil with a gentle slope at 
about TOO ft. elevation and a rainfall of about 60 
inches will suit it best, particularly if facilities exist 
for irrigation in periods of dry weather.** 

Care must be taken not to collect the seed until 
it is fully ripe, and also that the seeds are correctly 
identified, as the pods of Cryptostegia huchanani arc 
likely to be mistaken for those of Cryptostegia 
grandiflora. The most succc.ssfiil method is to soak 
the seed in cold water for 24 hours before sowing. 
Germination starts in 10 days and is complete in 
about 24 days. 

The leaflet gives full details of nursery practice, 
plantation technique, rate of growth and other details 
of ctiltivation. 

The cost of a plantation unit of 5000 acres would 
be about Rs. 200 per acre and of this al)out Rs. 100 
per acre represent expenditure on equipment etc. 
The number of plants varies from 7,000 to 19,000 per 
acre but there is no data of the production pf rubber 
per acre and the per cent of the rubber content of 
the dry weight of Cryptostegia, 

Today when this vital war material lls discussed 
interest centres on synthetic substitutes or to other 
vegetable Sources. In America, Perihenium argen- 
latum (Guayule plant), a desert weed which grows 
wild in Mexico, is now being intensively cultivated 
in U.S.A. under Government direction. The story 
of its growth and development, particularly as seen 
in the Salinas valley of California, is given in the 
Geographical Magazine, XVT, September, 1943. 

PROTECTION OF TIMBER FROM BEETLES 

Mr J. C. M. Gardner, Forest Entomologist of 
the Forest Research Institute, Dehra Dun, in another 
leaflet No. 69 (Entomology), describes^ preUminary 
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tests of two methods of temporarilsr protecting timber 
from certain borers c.g., Powder-post beetles of tlie 
bmilY Bostrydiidae. 

A mixture of creosote and fuel oil in equal 
proportions or of i creosote to 4 fuel oil applied 
externally definitely prevents attack for at least 
9 months or longer. Tests were made using sap- 
wood of highly susceptible Dalhergia Sissoo, kept 
under shelter. 

A coating of lime wash gave complete protection 
for 3 months using two highly susceptible species 
a.g., Mangifera indica, and Albizzia proccra. The 
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treatment must be applied within a short period of 
cutting or sawing and new cuts must be treated at^ 
once. Lime wash formula is 5 lbs of limCi 4 
chattacks of gum, and 8 seers of water, which is 
enough to give three coats to 100 sq. ft. Ihswellia 
serrata when treated with only ordinary lime in 
water is immune from both fungus and insects. 

Timber of most broad-leaved trees arc liable to 
severe damage by beetles while the wood of Coni- 
ferous trees is immune from these borers. The 
damage is caused by larvae which feed only on sap* 
wood, and losses due to these beetles are very great 
indeed. 


RETTING BY HIPAROL AND ITS COMMERCIAL APPLICATION 

(MRS) PARUKUTTY BARtTAH ani> H. K. BARlIAIt, 

MICROnlOLOGV nKPT.. noSK RKSKARCH INSTItlJtJJ 


^HE process of retting of fibrous plants is well- 
known. The method practised by the growers 
is usually one of stacking jute, coconut and other 
fibrous plant parts in water and letting bacteria 
decompose the plants and cause separation of the 
fibre-bundles from cortex and wood. This mcthoil 
has obviously its disadvantages because (r) the time 
required for retting is unusually long and it varies 
from 6-10 weeks or more, (2) fibres of low quality due 
to over-retting or under-retting are usually obtained 
owing to lack of standard methods determining com- 
pletion of retting, (3) water is polluted and forms a 
favourable place for tfic breeding of mosquitoes. 
The problems connected with this process have been 
investigated by various workers using anaerobic and 
aerobic methods of retting by bacteria (Ruschmann, 
1924 ; Thaysen and Bunker, 1924) or by chemical 
methods (Chatterjee, Nodder, Sarker, 1944) to 
improve the quality of the fibre and reduce tlic time 
required for retting, but so far, the limits of none 
of these methods have been fully investigated. Patel 
and Ghosli (1943) have described in jute the changes 
due to disintegration of tissues caused by micro- 
organisms but the rdlc micro-orgunisms play during 
retting have not l)cen studied. Tlic break-down of 
plant tissues by bacteria is generally believed to be 
due to the action of enzymes secreted by the parasites 
during their growth ; pectins in the middle lamella 
of the softer parenchyma which holds the fibre- 
bundles together are found to be broken down during 
retting by the enzymic secretions of bacteria known 
as pectinases. The delay caused in retting may be 
due to the slow production of pectiiiases by bacteria 
attacking the plants or of insufficient amounts of 
enzymes produced, because production of i)ectinases 
by bacteria is not only influenced by the rate of 


growth of bacteria on the plant-tissues but also by 
the chemical nature of the substrate influencing the 
formation of enzymes capable of breaking down 
plant-tissues. It is, however, possible to produce 
enzymes capable of breaking down plant-tissues 
actively in vitro from fungi or bacteria parasitic on 
plants and determine the rate of hydrolysis. vSince 
retting involves mainly break-down of pcctic materials 
by enzymes elaborated by bacteria, it is possible that 
active enzymes produced in vitro from fungi may 
hydrolyze pectins and cause retting of fibrous 
material. The break-down of plant-tissues is, how- 
ever, due to a mixture of enzymes and not to one 
enzyme alone (Baruah, 1942). IIii)arol previously 
reiwrted by us (1944) being capable of retting 
fibrous material is a mixture of enzymes and has 
been extracted from a mould, on a large-scale by 
methods as followed by Baruah (1942). Investiga- 
tions described below concern dclermiiialioii of the 
activity of Hiparol, its use as a retting reagent and 
its application in commerce. 

The terms used to denote the enzymes in Hiparol 
causing changes in the plant-tissues are as follows. 
The term lamellase is used to denote maceration of 
tissues, the macerating enzyme being previously 
called by various workers, ‘cytase*, ‘pcctinasc* and 
‘protopectinase*. The changes in pectin, which, ac- 
cording to Myers and Baker (1934), is a complex of 
eight molecules of galacturonic acid, seven of the 
carboxyl groups being methylated with one molecule 
each of arabinose and galactose and two of acetic 
acid, are caused by several enzymes, and the term 
pectinase is used, therefore, in the broad sense, to 
cover the enzyme complex which breaks down the 
basic structure of the pectin molecule. The most 
important enzymes arc pectin poly-galacturonasc 
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acting upon the ix>ly-galacturonic acid in the molecule 
and pectin-methoxylase causing splitting off of the 
CHaO groups attached to most COOH groupings of 
pectins. Protoi)ectinase is used here to denote the 
activity by which soluble pectin is formed from 
insoluble protopectin. 

Activity of Hiparol 

The criteria used for determining the activity of 
Hiparol were as follows: — (i) rate of maceration of 
blocks of plant-tissues ; (2) the changes in the 
physical and chemical properties of pectin .solutions ; 

(3) rate of break-down of fibrous plant-tissues ; 
methods used for determining the activities were 
those as followed by Baruah (1942). 

Hiparol used was the substrate on wliich the 
fungus was grown and enzymes were extracted in 
water. For the preparation of 2% Hiparol mixture, 
2 gms. of the substrate on which the fungus was 
grown were treated with 100 c.c. of water, and the 
enzyme extract was used. 

Blocks of plant-tissues of 2 cms. x i *o cnis. xo‘5 
cins. size were immersed in 2% Hiparol mixture at 
pH 5*0 and the time retiuired for loss of coherence 
of plant-tissues was noted. Controls were set by 
immersing plant-tissues in a% boiled Hiparol mix- 
ture at pH 5 0, enzymes being deactivated by heat. 
Table i shows the time required for maceration of 
blocks of plant-tissues. 


TABLE 1 

TiMK of MACFKAYION of OlOCKS OF Pl«A.\T-IlSSUi<:S 


TyiHi of plcint-tissuc 

A ttiiv: av«|uiiwA 

for 'maceration 
of bUK'ks of 
plant-tissues 

Control 

after 

boiling 

Mango 

20 minutes 

No action 

Apple 

20 


Pineapple .. 

20 


Grn|x^s 

20 

ft 

Orange rind 

25 

•t 

Lemon rind 

40 .. 

It 

Tomato 

25 

It 

Banana 

25 

II 

Guava 

35 „ 

II 

Pumpkin .. 

42 

II 

Tencler coconut husks 

40 

II 

Mature coconut husks 

42 

II 

Mature jute stem .. 

8<10 hours. 



The following facts are evident from Table i ; — 

(1) Hiparol macerated mango, apple, pineapple, 
grapes-tissues in 20 minutes. 

(2) Orange rind, banana tissues were macerated 
in 25 minutes whereas guava, lemon rind and 
pumpkin-tissues were macerated in 35-42 minutes. 

(3) Coconut husks were macerated in 40-42 
minutes, fibres being completely loosened from the 
matrix. Fibres from the outer skin were also 
separated by the enzyme action. 


(4) Jute stem was macerated in 8-10 hours, fibres 
being completely loosened from the cortex and wood. 
Slimy material was usually observed on the surface 
of the skin. 

(5) There was no action in the controls, heat 
deactivating the enzymes. 

Hiparol macerates plant-tissues by decomposing 
the middle-lamella, lamellase being the enzyme 
responsible for its break-down. (Baruah, 1942). The 
break-down products of the middle-lamella by 
lamellase are not yet known. Evidence obtained by 
studying histological changes in coconut, jute, 
mango, orange-rind tissues caused by Hiparol shows 
that loss of coherence of plant-tissues is due to 
extraction of pectins from the cell-wall and its break- 
down by the enzymes as well as to the decomposition 
of the middle-lamella (details to be published in a 
subsequent paper). 

Pcctinase breaks down i)ectin by a sequence of 
changes, both physical and chcniical, affecting the 
basic structure of the ixsctic molecule ; changes in 
]>cctin caused by Hiparol are shown in Table 2 and 
Fig. I and may be do.scribed as follows (for experi- 
mental pur|K>ses, 100 c.c. of i per cent pectin and 10 
c.c. of 5 per cent Hiparol were used and the changes 
were not^ simultaneously) : — 


TABLE 2 

ClIAM'.KS IX PkCTIX CAUSKr) l»Y IIlPAKOl. 


Time 

in 

hours 

Relative 

viscosity 

% 

Amount 
of Un- 
deconi|x>sed 
liectin 

.Amount of re- 
ducing sugar 
as dextrose 
Iodine-reduc- 
tion 

Saponification 
value as 'gms. 
of NaOH per 
100 gms. oE 
d r y ash-free 
pectin. 

0 

100 

10 gni. 

2-{>% 

9-6 gms. 

3 

41-3 

0i56 „ 


8-9 „ 

24 

7-8 

0-42 

6-2'A 

6*46 „ 

48 

i39 

o :<6 

31-5% 

50 „ 

72 

3-4 

0-30 „ 

31 8% 

3'.S2 „ 

96 

2-6 

021 „ 

31-5% 

2 79 „ 

120 

1 

1-5 

014 

32<r^ 

2 50 


(1) There was a gradual decomposition of pectin 
and a rapid decrease in viscosity of pectin solution, 
relative vi.scosity of pectin solution being reduced to 
7*8 per cent after 24 hours. 

(2) The increase in the amount of reducing sugar 
was rapid within the first 48 hours, after which the 
rate of production was almost constant. 

(3) There was a gradual decrease in the saponi- 
fication-value of pectins showing the changes in the 
degree of demethylatjon during hydrolysis. 

It thus appears that the break-down of pectin by 
Hiparol is accompanied by a decrease in vi.scosity and 
in the saponification-value and by a corresponding 
increase in the reducing power of pectin. The rapid 
decrease in viscosity may be due to the splitting off 
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of ssccondary agRregates of polygalacturoiiic add 
chains in the molecule and may be likened to the 
liquefaction of starch by enzymes or by acid- 
hydrolysis (Kertesz, 1939 ; Hirst and Young, 1939). 
The chain structure of the pectic molecule and its 
first break-down products which contain galactose, 
arabinose and galacturouic' acid residues is further 
broken down and the reduction of pectin and the 
change in viscosity increased to the maximuni 
(Fig. I). The sequence of changes in i)cctin caused 
by Hiparol is similar to that obtained by P. digitatum 
extract and B, cinerea extract (Baruah, 1942). 



The effect of Hiparol on fruit juices was also 
investigated and it had been found that viscosity of 
tomato juice, orange juice, apple juice, mango juice, 
pineapple juice decreases rapidly, the break-down of 
pectin soluble in juice being accoiiimpanied by a rapid 
decrease in viscosity (Table 3). 


TABLE 3 

Extent of Changes in Viscosity of Fruit Juice 
BY Hiparol 


Fruit juice 

Initial 

Relative viscosity % 

viscosity % 

after 30 minutes 

Orange juice 

100 

2-8% 

Tomato 

100 

5-5 

Mango 

100 

20-9 .. 

Pineapple „ 

100 

15-8 „ 

Apple 

100 1 

31 „ 

Orape „ .. .. 

100 

1 

75-7 „ 

1 


The maximum change in viscosity was with 
orange juice and tomato juice, viscosities being reduc- 
ed to .2*8 per cent and 5*5 per cent respectively. This 


pro|)erty of rapid decrease in viscosity of fruit juices 
when acted uix)n by Hiparol, can be made use of in 
the clarification of fruit juices and the extent of 
hydrolysis used as a measure of the enzyme action., 

ProtoixK^tinasc, an enzyme that forms soluble 
pectin from insoluble protopcctin, is also present in 
Hi])arol, since the insoluble protopcctin present in 
plant-tis.sues is rendered soluble and is in turn broken 
down by pectiiiase (pectin-polygalacturonase), i 
gin. of lemon protopectin on being treated by 5 per 
cent Hiparol was broken down, and the amount 
of protopcctin decomposed and the amount of reduc- 
ing sugar formed during hydrolysis were 0*54 gins, 
and 0*30 gins, dextrose respectively, soluble pectin 
formed being decomposed by the enzyme extract to 
reducing sugar. 

Experiments with hemicellulosc and cellulose 
fractions of plant-tissues .show that Hiparol has no 
action on either of the substrates, substrates used 
being heinicelliilr)sc obtained pure from lemon cell- 
wall material and cellulose being cotton wool, filter 
paper and tailor’s cuttings. 

It thus appears that Hiparol attacks chiefly the 
pectic constituents of the cell wall thereby causing 
maceration and break-down of the tissues and has no 
action either on henucellulose or on cellulose. 

Use or Hiparol in Rioting 

The fact that break-down of blocks of jute, 
coconut is due to the removal of pectins from the| 
tissues and the decomposition of the middle-lamella 
by actively potent pectin-splitting enzymes present in 
Hiparol has been made use of in the retting of jute, 
coconut and other fibrous plants on a large scale. 

For experimental purposes, 50 gins, of Hiparol 
powder were .suspended in a litre of water and stems 
7^^ in length of jute, coconut husk and Calotropis Sp. 
w-cre immersed in the mixture at />H 5*0 ; the time 
required for retting, that is, the time required for 
maximum case of separation of the fibres from the 
cortex and wood was noted, fibres being obtained by 
washing and stripping (Table 4)- 


tablb: 4 

Time required for Retting by Hiparol 


Type of plant tissue 

Imm.iture 

Mature 

I>ry 

Jute 

30-48 lirs. 

lS-24 lirs. 

12-16 hrs. 

Coconut husk .. 

20 

16 „ 

10-12 „ 

Calotropis'*’ 


30.. 

^4^ „ 


• Calotropis stems were kindly supplied by Dr B. C. 
Kundu. 

The time required for retting varies from isr to 
48 hours for jute, from 10 to 20 hours for coconut, 
and from 24 to 52 hours for Calotropis. Coconut husk 
is easily retted since the fibrous mcsocarp of the 
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cg^nut husk, due to its spongy nature, is readily 
exiK>sed to the enzymes, but in jute and other fibrous 
plants having a complete Covering of highly cuti- 
cularized epidertnal tissues, cells of the inner paren- 
chymatous tissues are not freely exposed to the 
enzyme action. In the normal process of retting by 
stacking in water, bacteria invade the plant-tissues 
gaining entrance through wounds, stomata or cut 
surfaces and multiply inside the plant-tissues causing 
breakdown of the tissues. In the enzymic process by 
Hiparol, pectins in the plant-tissues are broken down, 
resulting in loss of coherence of the tissues. Diffusion 
of enzymes into tissues taking place through wounds, 
stomata or cut surfaces of plants causes softening and 
disintegration of the tissues ; continued immersion, 
however, for one to two days^ reduces the epidermal 
resistance, causes .swelling of the tissues and makes 
absorption of enzymes possible on a large scale by 
the plant tissues, slimy gums being noticed on the 
stem and young leaves adhering to the stem dis- 
organized. 

The time rc(]uired for retting varies in different 
regions of the stem. For instance, apical region in 
jute stem is more susceptible to enzyme action than 
middle and basal regions of the stem ; the time re- 
quired for retting by the former varies from 12 to 16 
hours whereas the middle and ba.sal regions require 
24 and 40 hours respectively. The entire breakdown 
of the apical region and parts of the middle region of 
the stem in jute by Iliparol shows that the epidermal 
layer, although resistant to enzyme action, can be 
broken down by enzymes during hydrolysis, break- 
down being probably caused by swelling of the 
tissues. Patel and Ghosh (1943) also observed diflfer- 
ence in the time of retting for different regions of 
the stem and found that the time varies from 5 to 20 
days. This difference in time required for retting 
may be due to the difference in the degree of hydro- 
lysis of the i^ectic cell-walls in different regions of 
the stem, influencing the ease of penetration of 
enzymes into the plant tissues. Ease of retting 
appears, therefore, to be influenced by (i) the degree 
of hydrolysis of the epidermis, and ( 2 ) the rate of 
diffusion of enzymes into plant-ti.ssues. Given, there 
fore, an exposed surface of pectic cell walls, the action 
of Iliparol as a retting reagent is most pronounced, 
as in coconut. 

Some of the experiments on a larger scale using 
different plant tissues arc as follows— 

(i) 2000 gms. of mature coconut husks were im- 
mersed in 20 litres of water containing 200 gms. 
Hiparol powder at 5*0 ; the time required for 
retting was found to vary from 16 to 20 hours. 

' After the retted husks had been removed, 
another lot of 1000 gms. of husk was immersed in the 
same mixture; time required for retting was found to 
vary from 20 to 26 hours. A further addition 0^00 


gms. of Hiparol powder to the same mixtore reduces 
the time requir^ for retting to about 16 hours. 
Minute fibres of the outer ^in were also extracted 
easily from the husk. The use of Hiparol in subse- 
quent scries of retting after the first retting had been 
done, may be of economic l^enefit to the growers, and 
in case of decrease in activity, the activity can be 
restored by smaller additions of Hiparol to the 
original mixture. 

(2) Jute plants, both immature and mature, were 
immersed in troughs of galvanized lead sheets of 
9 'x6'^x 4^ size, containing 400 gms. of Hiparol in 
15 litres of water ; the time required for retting was 
found to vary from 2-4 days. The increase in time 
is probably due to low concentration of Hiparol used, 
it being only slightly above 2’ 5 per cent, and also 
due to nonuniform wetting of the whole plant. 
Experiments carried out in tanks at higher concen- 
trations of Hiparol may reduce the time required for 
retting. 

The time required for retting of different types 
of fibrous plants varies with the type of plant, degree 
of hydrolysis of pcctic cell-walls and mechanical 
hardness of the plant-tissues (Table 5) 

It will be seen from Table 5 that the bark of 
Girardinia heterophylla, commonly growing in 
Sikkim, yields a fine silk fibre of ^igh tensile 
strength in 24 hours whereas Calotropis and Pandanus 
require 2-4 days for retting’. The waxy nature of 
the skin in Calotropis and Pandanus makes retting 
difficult. Barks of Bauhinia, Maoutia and Plantain 
sheath were retted in one or two days. Bark of 
Girardinia, although very hard and tough, was retted 
more easily than Pandanus, Calotropis and Agave, 
resistance to enzyme action in the latter being con- 
fined to the waxy cuticularizcd epidermal layer. 


TABLK 5 

TiMK KCqUIKED FOR RKTTr\G OF DIFFERENT KINDS OF PUNTS 


Type of plant tissue 

Time, required 
for retting 

Quality of fibre 

^Girardinia hetcropliyl- 
la bark 

24 hours 

Pine silk fibre 

^Bauhinia purpurea bark 

P4-48 „ 

Coarse silk fibre 

•Maoutia piiya bark 

2-3 davs 

Coarse fibre 

Calotropis 

3-4 

Cotton-like silk fibre 

Pandanus 

3-4 .. 

Coarse fibre 

Plantain sheath 

1-2 „ 

Fine silk fibre 

Agave 

2-4 „ 

Coarse fibre 

Hibiscus 

2^3 „ 

Fine fibre 

binum 

2-3 „ 

Coarse fibre 

Pineapple leaf .. 

2-3 „ 

Coarse fibre 


* These were identified by Mr S. N. Bal of the Indian 
Botanical Survey. 


The extent of break-down of jute, coconut, 
Girardinia and Bauhinia during hydrolysis by 
Hiparol has been followed by determining the amount 



•205 


SCIENCE IN INDUSTRY 


November, 1944 

of cell-wall material, prepared from the above men- 
tioned plants by drying, decomposed and the amount 
of reducing sugars formed. Table 6 shows the 
amount of undecomposed material and the amount 
of sugar formed during hydrolysis, after 24 hours (for 
experimental purposes i gra. of cell wall material 
was treated with 5 per cent Hiparol and the mixture 
was incubated for 24 hours ; method of determina- 
tion was the same as that used by Baruah, 1942). 


TABLE 6 

Amount of Ceu-wali Matkriai. UNT)EcoMi*osKn and of 
REDUCING 'Sugar formed during Hydroi.ysis 


Type of cell-wall 
material 

Amount of ecll- 
wall material un- 
decomposed 

Amount of reducing 
sugar as dextrose 

Jute 

0*50 gms. 

0*32 gms. 

Cdconnt p. 

0*82 .. 

0*16 „ 

Girardinia 

0*70 „ 

018 „ 

Bauhinia 

• 

0-66 ., 

020 


, The extent of breakdown varies with the tyj>c of 
plant used, maximum break-down being with jute 
and least with coconut. Reducing sugar is formed 
by the decomposition of the cell-wall material by the 
enzyme extract, the amount formed being equivalent 
to that formed when pectin is hydrolyzed by the 
enzyme extract. 

Hiparol is thus capable of retting not only jute 
but many other fibrous plants, the rates of activity 
being influenced by the degree of hydrolysis of the 
pcctic cell-walls, uniformity of wetting, diffusion of 
enzymes and the concentration of the enzyme 
extract. 

Quality of FiBRit and the cost of product ion 
OP Hiparol 

Fibres obtained are of uniform quality and re- 
tain lustre and high tensile strength and are free from 
specks of adhering bark. Hiparol appears to be 
reasonably cheap and is easy to handle (details to be 
published later). 

Conclusions 

The main conclusions reached, concerning the 
retting of jute and other fibrous plants by Hiparol 
and its use in commerce, are as follows. 

(1) The break-down of plant-tissues is caused by 
the decomposition of the middle-lamella, by laniellasc 
and the removal of pectin from the cell wall by pecti- 
nase complex by a sequence of physical and chemical 
changes in the pectin molecule. 

(2) Retting of jute, coconut and other fibrous 
plants is more rapid by Hiparol, a mixture of lamel- 


lasc, pectiuasc (iicctin- polygalacturonase and pectin 
mctiioxylase) and protopectinase than by the normal 
process of stacking in water hitherto used. The ex- 
tent of breakdown of cell-wall material of jute, 
coconut, Girardinia and Bauhinia by Hiparol may be 
used as a measure of hydrolysis of fibrous material 
during retting, and it is likely that it may parallel 
the extent of breakdown of jute and coconut by 
bacteria during retting. 

(3) The case of breakdown of i)laiit-tissues is in- 
fluenced by the degree of hydrolysis of pectic cell- 
walls, rate of diffusion of enzymes and concentration 
of the enzymes extract. 

There appears to be an immense possibility of 
Hqyarol being used in commerce since the use of this 
substance may make it possible to ret the fibrous 
plants in a much (luicker time without impairing the 
quality of the fibre and to clarify fruit juices. The 
lireparation of ropes, mats, coirs and lioards from 
coconut husks may be more readily obtained by using 
Hijiarol than by the methods hitherto used. Extrac- 
tion of fibres of fine quality and high tensile strength 
is also possible from many of the fibrous plants. For 
example, hark of Girardinia and Maoutia yields fine 
fibres in 24 to 48 hours on being retted by Hiparol. 

Some of the results obtained on the nature of 
break-down products formed during hydrolysis by 
Hiparol on sub.stances of various compositions and 
also on fibrous material during retting indicate the 
complex nature of Hiparol which contains, besides 
pectin-splitting enzymes, others of the nature of 
carbohydrases and also anti-bacterial toxins, and they 
will be published in a subset] uent i)aper.* 
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MEDICINE AND PUBLIC HEALTH 


THE AMERICAN MEDICAL ASSOCIATION 

The Association’s headquarters at Chicago is an 
impressive building of eight stories. The member- 
ship of the Association on the ist September, 1942 
was 122,033 members. It is connected with 2053 
Component County and District Societies and 54 
Constituent Associations in States and Possessions. 
The affairs of the Association are managed by the 
House of Delegates, under whom is a Judicial 
Council, a Council of Scientific Assembly and a 
Council on Medical Education and Hospitals, which 
determines its policies. There is a Hoard of Trustees 
which functions as the governing body in the inter- 
val between meetings of the House of Delegates and 
is charged with the duty of administering the affairs 
of the Association. The Board of Trustees controls 
the Journal of the American Medical Association, 
special journals, Hygeia, Library Committee of 
i^'icntific Exhibit, Council on Pharmacy and Chemis- 
try, Chemical Laboratory, Bureau of Investigation, 
Bureau of Health Education, Bureau of Legal 
Medicine and Legislation, Council on Physical 
Therapy, Council on Foods and Nutrition, Bureau 
of Medical Economics, and Council on Industrial 
Health. 

The Annual Sessions of the Association are held 
in various sections of the United States and are 
more largely attended than any other medical 
meeting. The Scientific programmes are presented 
through the 17 Sections of the Scientific Assembly 
and the General Scientific ^leetings. The Scientific 
Exhibit is an important and distinctive feature each 
year, averaging over 200 individual and special 
exhibits dealing with advances in scientific medicine. 
The Technical Exhibit is always coinprehensive and 
complete. Many enjoyable .social functions arc pro- 
vided for Fellows and their wives. 

The Judicial Council deals with all questions of 
ethics and lights, privileges and obligations of 
members or fellows. It also advises on controversies 
between members of different constituent associations. 

The Council on Medical Education and Hospitals 
has helped in improving the standards of m^ical 
education to a high level. It also helps in collecting 
and disseminating information about hospitals. 

The Cbuncil on Scientific Assembly is charged 
with tlie responsibility and duty of arranging the 
programmes of general meetings of the Scientific 
Assembly, mnd considers questions of policy in 
relation to scientific work. 

The Biographical Department maintains a 


biographical card index of qualified medical graduates 
and liccn.sed physicians of the United States and 
Canada. 

The Council on Pharmacy and Chemistry aims 
at protecting the medical profession and the public 
against fraud, undesirable secrecy and objectionable 
advertising in connection with proprietary medicinal 
articles, and thus acts as a leading advisory body 
in the field of rational therapeutics. 

The Council on Physical Therapy assists in 
gathering and disseminating such information as will 
assist the medical profession in determining the 
therapeutic and diagnostic value of certain devices 
and methods employed in the practice of medicine. 

The Council on Food and Nutrition is concerned 
with evaluating nutritional claims for food products. 

The Council on Industrial Health looks after 
the improvement of standards in the field of industrial 
practice. It tries to inform the profes.sion of deve- 
lopments in the industrial field of medical or 
medico-social nature, fosters research, stimulates 
provision of training in si)ecial fields and employs all 
necessary means to protect the health of the working 
lK*oplc consi.stent with the ethical 'and scientific 
programme of the American Medical Association. 

The Chemical iMboralory is concerned with the 
chemical investigation of the therapeutic agents 
presented to the medical profession. The Laboratory 
also serves as a clearing house for information of 
many new additions to materia mcdica, particularly 
the complex synthetics. 

The Bureau pf Investigation is a clearing house 
of information on patent and proprietary medicines, 
all forms of quackery, medical fads and fake^. 

The Bureau of Health Education divides its 
work .into (i) .service to the public through physicians 
and medical societies, and (2) direct service to the 
public. The aim of both is health education of the 
public. This is done by answering questions, by 
publishing the well-known journal, Hygeia and by 
doing publicity work in various spheres. 

The Bureau of Legal Medicine and Legislation 
looks after questions of medico-legal significance. 

The Bureau of Exhibits promotes graduate 
medical education for physicians and disseminates 
health education for. the public. 

The Bureau of Medical Economics is engaged 
in the study of all phases of general economics which 
liave a bearing upon the practice of medicine. The 
Bureau also endeavours to collect, tabulate, study, 
criticize and to prepare for publication and distribu- 
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tion, data pertaining to the economics of the practice 
of medicine ; to furnish both critical and constructive 
information and opinions by correspondence, con- 
ferences and addresses on the several phases of 
medical economics ; to encourage the adoption by 
individual physicians and medical societies of modem, 
sound, ethical business methods ; to urge medical 
schools to provide medical students with information 
concerning the economics of medical practice. 


DRIED PLASMA SHEETS IN TREATMENT OF BURNS AND 
WAR WOUNDS 

The urgent need for an ideal coagulum has !>een 
stressed many times. It should be durable, iioncon- 
tractile, pliable, iiontoxic, nonirritant, bactericidal, 
painless, and should contain fibrin. In an article in 
the United States Naval Medical UuUetin, Mr B. 
Pollocle, Lieut. Commander proposes a new dressing 
which appears to meet these demands. Hasnia sheets 
were prepared in the following manner : To 20 c.c. 
of sterile water in a Petri dish 1*5 to 2 gm. of dried 


plasma arc added and dissolved, and then o' 3 gm. 
of sulphanilamide powder are added. This preparation 
is dried in an oven at 140%. until a firm sheet forms, 
usually in 15 to 20 minutes. It is then allowed to 
cool and is applied directly to the burn. The plasma 
sheet can be made quickly by heating the prepara- 
tion over a Bunsen burner until the sheet seiwates 
itself from the dish. This requires less than 5 
minutes. The plasma .sheet is applied to the burned 
area after debridement. Plasma loss is immediately 
stopiicd. Within a few minutes the plasma sheet be- 
comes adherent, and in a few hours strands of fibrin 
can he seen securing the plasma sheet to the burn 
almost as if the burn were ‘fibrin hungry**. No 
dressing need l)e applied. The plasma sheets can be 
preserved for a peritxl of weeks by keeping them 
moistened with water in a refrigerator. The author 
states that a dried plasma sheet overcomes most of 
the objections to ordinary coagulums. Plasma loss is 
stopi)ed immediately. Dressings may In; used but 
are not essential. His experience in a limited number 
of cases was gratifying. 


UNITED NATIONS RELIEF AND REHABILITATION ADMINISTRATION 

Report of the Sub-committee on Policies Relating to 
Agricultural Rehabilitation and Other Means of 
Raising Food Essential to Relief 


Generai. Considerations 


^HE world food situation including both supplies 
and shipijing requires that for the first crop year 
after liberation an al)Solutc i)riority should be given 
to the production of foods for direct human con- 
sumption. 

The rehabilitation of the pattern of agriculture 
in liberated areas and the modificatit>n of that 


pattern to secure agreed nutritional aims can only 
be undertaken when danger of actual hunger has 
been removed. Once this has been accomplished, 
agricultural production can be adjusted to meet more 
desirable nutritional and agricultural goals. • 

At the present time Unrra should concentrate 
its attention uiwn the first crop year after liberation. 
For that year the following factors arc of primary 
imix>rtance : 

(a) European agricullure af>arl from the devastated areas 
is reduced but is a going concern. It has been pnxlucing 
all the food consumed « during the war in Central and 
Western Europe including the food for the Oerman qnd 
other Axis armies. The situation in the Far East, taking 
the occupied countries as a whole, is not dissimilar. 

(h) Agricultural pnxluclion in these Qrea.s has been con- 
centrated oil providing food for direct hutnati consumption. 
Expensive forma animal husbandry have been drastically 
rcaucad (pigs, poultry), and there are serious deficiencies in 
animal piquets although efforts have been made in Europe 
to maintain milk production. 


In the first crop year after lil)cration, the war 
production pattern should be continued as far as 
practicable. Tiiteiisivc efforts should be made to 
secure a fuller use of the land. When, however, as 
in certain areas, the war production pattern had been 
prompted by an acute shortage of foodstuffs result- 
ing in a disproportionate sacrifice in productivity, 
and provided always that other means can be found 
for iiroviding essential foods, an early adju.stmeiit 
would be desirable to in.sure more efficient production. 

The first responsibility in most countries from 
the moment of liberation will be to enable farmers 
to sow and harvest crops. In European countries 
assistance may also be required at an early date to 
prevent the further depiction of dairy herds. The 
local or national authorities Avill have the necessary 
knowledge for this task. These needs can be 
assessed with considerable accuracy and Unrka 
should, ill conjunction with the national authorities, 
start fortinvith to make provision to meet these 
deficiencies. 

The maintenance of livestock production and 
herds which is of such importance to agriculture 
requires that the control of animal diseases by all 
feasible methods including the import of veterinary 
supplies lie. undertaken at the earliest possible time. 
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In certain devastated ar^ the rehabilitation 
problem will require special additional efforts to re- 
equip farms with motive |)ower, i.e., draught animals 
or tractors ; to restore fertility to the soil ; and to 
reconstitute essential livestock €Si)ecially for milk 
[)roductinn. 

The Sub-committee agrees that the principal 
rcsi)onsibiiity of Unrra in the field of rehabilitation 
of agriculture and other forms of food production 
will be to assist local governments in providing the 
necessary supplies and equipment to increase pro- 
duction to the extent that such imi)orts will reduce 
the need for relief after the second harvest. The 
importation of feedstuffs for milk production should 
have priority over the importation of feed for other 
livestock production. The former should receive, in 
principle, secondary consideration to the require- 
ments for imi>orts of food for direct human con- 
sumption. Where the need is urgent, the national 
governments should present a special case to the 
Standing Technical Committee on Agriculture for 
readjustment of these priorities. 

Because of the shortage of animal proteins, fats, 
and vitamins, national governments or recognized 
authorities should take immediate steps to insure 
the early expansion of fisheries and of the whaling 
industry, and Unrra should assist to the fullest 
extent possible. 

In order to utilize to the greatest advantage the 
foodstuffs that are home produced or imported, it is 
recommended that Unrra should assist the national 
governments or recognized authorities in restoring 
necessary processing facilities. It is also recom- 
mended that in order to obtain the maximum food 
value from bread grains the milling ratio should be 
maintained at high levels, e,g., wheat at 85 per cent. 

It is recommended that experimental stations 
and other agricultural institutions which can con- 
tribute to the solution of immediate post-war agri- 
cultural and food i>roduction problems should l)e put 
into a position to resume their work as early as 
Ijossihle after liberation. 

Agricultural organizations and services, co- 
operative and others (including marketing and credit 
societies), have an important role in tlie provision of 
finance and agricultural equipment to farmers and 
in the collection and processing of farm produce. 
They should prove of special value in the immediate 
relief period. Wherever the national authorities 
desire a.ssistance in the re-establishment of such 
organizations, Unrra sliould give sUch cxt)ert assis- 
tance as it can provide. 

Shortage of labour is proving a serious handicap 
to production in a number of countries. The Sub- 
committee, tl\erefore, recommends that the reinstate- 
ment of agricultural workers should be achieved as 
early as possible. 


In tlie preceding paragraphs the Sub*committee 
has been dealing i?itir the short-term problems and 
principally those of the first crop year. The Sub^ 
committee has studied the reports and recommenda- 
tions of the United Nation*} Conference on Food and 
Agriculture and concurs generally in the conclusions 
reached at Hot Springs. The work of Unrra will 
be confined to the short-term problems of relief and 
the beginnings of rehabilitation. This work will be 
the basis of more permanent reconstruction, and it is 
of the utmost importance that the actions taken by 
Unrra and by the governments in that period 
should not hamper the long-term agricultural recon- 
struction programmes. It should, in so far as pos- 
sible, assist towards the achievement of the objectives 
of the United Nations Conference on Food and Agri- 
culture, including the progressive realization in all 
countries of diets adequate both in quantity and 
quality. 

Responsibility for international action in longer 
term agricultural reconstruction is likely to rest with 
the United Nations Organization for Food and Agri- 
culture. The Sub-committee recommends that Unrra 
should take every necessary measure to secure the 
closest association between its own work and the 
activities of the United Nations Food and Agriculture 
Organization. The Sub-committee docs not consider 
that it is either desirable or necessary for it to make 
any detailed proposals as to how this co-operation 
should be carried out, but considers that Unrra 
should seek the closest co-operation, not only between 
its Council and the Council of the Organization for 
Food and Agriculture, but also between their respec- 
tive staffs and standing committees. 

Prior iTiKS 

The Sub-committee recognizes that Unrra in 
approaching the problem of .supplies for agricultural 
rehabilitation must relate such demands to the even 
more immediate need to provide food, medical sut)- 
plics, clothing and other relief necessities. There is, 
however, a world shortage of many essential foods 
and war and relief demands will impose the need for 
continued economy in the use of shipping. 

For these reasons it is of the utmost importance 
to obtain from the soil of the occupied countries and 
from sea fisheries including whaling the maximum of 
food in the shortest possible time. 

These, considerations clearly indicate the prin- 
ciples that should be adopted by Unrra in the 
determination of rehtive priorities among agricul- 
tural and other food production necds^ 

Tlie agricultural requirements of liberated areas 
include seeds, veterinary supplies, pesticides, farm 
machinery and implements, fuel and lubricants, 
fertilizers, containers and processing equipment, feed- 
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ing stuffs, and livestock, especially breeding and 
draught animals ; and to this list should be added* 
for certdn maritime countries the needs of the fishing 
industry: boats, repair material, nets, hooks, and 
other fishing gear. The priorities between these 
various items will presumably vary from area to area. 
Generally speaking, the Sub-committee consider that 
seeds, veterinary supplies, and pesticides should • 
receive priority immediately following that of the 
minimum programme for food, medical supplies, and 
other urgent requirements, such as clothing and 
soap ; fuel for existing agricultural machinery and 
firiieries might have equal priority with fuel for 
transport and domestic needs. The test should be 
applied whether the supply of these requirements 
would bring early and large returns in the form of 
crops or of fish for direct human consumption ; if 
so, it is recommended that Unrra should accord 
the highest priority to such requirements. A further 
important consideration applying particularly to 
Europe should be to prevent the further depletion of 
dairy herds. Where, on the other hand, the require- 
ments are sought for desirable but longer range 
objectives of agricultural rehabilitation or where the 
building up of such livestock as pigs and poultry 
would bring about competition for supplies of direct 
value to human needs, Unrra must insist that the 
fulfilment of these needs must wait until there is 
no danger of a shortage of essential energy foods. 
The Sub-committee would not cxi)cct that any but 
a low priority could be granted in the first crop 
year to supplies for the feeding of pigs and poultry. 

The Sub-committee would emphasize that in 
their recommendations they have attached the utmost 
importance to the agricultural needs of the first year 
after liberation. When the supply and imiwrt 
situation is more satisfactory, and especially when 
feeding stuffs can be made available and meat and 
fat imported in quantities sufficient to bring con- 
.sumption to a satisfactory physiological level, a 
longer term livestock recovery programme should be 
l)Ut into effect. 

Having regard to the importance of milling offals 
as a feed, the Sub-committee considers that the 
importation of grains should have priority over flour, 
where the necessary milling capacity and reciuisites 
exist in the liberated country. 

Similarly, the importation of vegetable oil seeds 
should have priority over the manufactured products. 

The Sub-committee further recommends that 
particular attentioq should be devoted to the produc- 
tion of those vegetables and pulses which have a 
high protein or vitamin content. The production of 
potatoes and their use for hitman consumption should 
also be increased to the maximum in liberated 
countries. Consequently it is recommended that a 
high iiMiority should be given to imports of seed 
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potatoes and to seeds of other vegetables such as 
cabbages, savoys, swedes, turnips, and carrots. 

The application of fertilizers will in certain 
cases greatly increase food production in the early 
post-war period. For this reason the Sub-committ^ 
considers that everything possible should be done m 
restore fertilizer plants to working order, and to 
resume importation of the most urgently needed 
^siqiplies as soon as possible. 

Steps should also be taken to restore oilseed 
crushing plants in relation to the anticipated supplies 
of oilseeds. This has particplar reference to feed for 
dairy herds. 

The Sub-committee also recommends the re- 
establishment of factories engaged in the production 
of pesticides. 

The provision of drying plants for meals and 
fertilizers should also be recognized as important in 
the immediate relief period. 

The problems of countries in the Far East differ 
in many ways from those of Euroi^e ; it is to the 
latter that the foregoing paragraphs are principally 
directed, especially as they would seem to be the 
more urgent in point of time. There is evidence 
that in the Far East there has been catastrophic 
depiction of draught animals and this factor may 
affect the suggested order of priorities for imports. 
A similar consideration may also apply to the qjore 
heavily devastated areas of Europe. 

The Sub-committee considers that Unrra 
should forthwith consult with the supply authoritii^j 
in order to insure that no time shall avoidably be 
lost in securing: the most urgently needed supplies. 
Further, since full use of certain of the requirements 
for agricultural rehabilitation can/mly be made at 
critical seasons of the year, particular attention in 
the case of these commodities will have to be 
directed to advance procurement by the appropriate 
governmental or inter-governmental agencies in order 
that a full supply of tlie minimum requirements may 
be available when the time comes. 

Operating PoliciEvS 

The Sub-committee recommends that programmes 
of rcciuirements for agricultural rehabilitation be 
4>iibmittcd by national governments in consultation 
with the regional committees in such detail as the 
complexity of the problem reciuircs. Arrangements 
should be made for revising programmes at regular 
intervals in the light of most recent information. 

The Sub-committee recommends that national 
governments or recognized authorities provide for 
technical surveys in each area immediately after 
liberation. Unrra should hold itself in readiness 
to provide teclmicali assistance if invited, to do so by 
the national government or recognized authority 
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established within the area. The regional organiza- countries should also develop plans for assembling 
tion should collate these surveys in order to insure and distributing agricultural pr^ucts to insure that 
that so far as possible comparable basis has been, food needs of the area are met to the maximum 
used. It will be possible by these means to have extent. 

early verification or amendment of the estimates It is recommended that each national authority 
which have been prepared in the pre-liberation should be provided by Unrra with such informa- 
period. tion as is available concerning production surpluses 

The Sub-committee recommends that as a result in nearby areas in order that the total supply of 
of these national surveys, and as soon as possible ^ essential foods m&y be attained to the maximum 


after liberation, national production programmes 
should be developed by the national governments or 
recognized authorities of the acreages which will be 
sown with the various * crops and of the output 
expected to be achieved from agricultural and fishery 
production. National governments or recognized 
authorities should base their estimates of require- 
ments of agricultural supplies upon these production 
plans. 

It is the national authorities which can best 
assess the needs of their own countries, and the 
national representatives, in collaboration with the 
regional officers of Unrra, will be able to provide 
a realistic list of requirements and an appropriate 
recommendation on priorities. 

By these means programmes for agricultural 
materials which fall within the scope of Unrra will 
be related to the detailed needs of each territory in 
relation to particular crops. They will show whether 
there are special features of the national production 
programmes to which it may be desirable to draw 
attention, particularly if these programmes call for 
specialized use of fertilizers or other imported 
materials. Representatives of the countries receiving 
supplies through Unrra should agree to develop 
plans for the control of imported agricultural 
materials in a niaSner designed to insure the fullest 
attainment of the production programme. Such 


extent in relation to factors, such as the availability 
of imported rehabilitation materials. For instance, 
it may be possible to use the anticipated surtduses in 
one area to remedy the deficiencies of an adjacent 
area. The regional organizations will probably be 
found to l)e the most suitable instruments for 
carrying out this work of co-ordination. 

The task which Unrra will have to undertake 
will require the apix)intment of technical officers to 
serve in its headquarters and regional offices and in 
the field. So far as technical* assistance in the field 
may be desired by the national authorilies, Unrra 
should undertake to do this. 

The Sub-committee desires to point out that in 
some countries the national agricultural organization 
will have an adequate staff of technicians at its dis- 
posal and will not so much require assistance for 
normal agricultural duties as for field officers who are 
specialists in the critical interpretation of production 
in relation to requirements. 

The Sub-committee notes and concurs in the 
recommendations made by Sub-committee i of Com- 
mittee I to establisli a Standing Technical Committee 
on Agriculture with regional sub-committees. Having 
regard to the importance of the rehabilitation of 
agriculture in the immediate post-war period, the 
Sub-committee recommends that those comniittccs be 
established and organized^ as soon as possible. 


BOOK REVIEWS 


horganic Plant Nutrition (Prather Lecturaa at 
Harvard University). — ^By D. R. Hoagland, 
Kd. 1944. Published by Waltham, Massachu- 
setts, U.. S. A., the Chronica Botanica Co. ; 
Macmillan and Co., Ltd., Calcutta, Price $4, 
Pp. 1-177 and 28 illustrative plates. 

The book under review is volume XIV Of “A 
new series of Plant Science Books,*' published by 
the Chronica Botanica Company of Waltham, Mass., 
U. S. A., and Edited by Frams Verdoorn. It con- 
tains seven lectures on the Inorganic Nutrition of 
Ptontia given at the Harvard University under the 


Prather Lectureship. The broad headings of tlie 
seven lectures are : 

(i) A survey of problems of plant nutrition; 
(2) Micronutrient chemical elements and plant 
growth ; (3) The absorption and accumulation of salts 
by plant cells ; (4) Upward movement and distribu- 
tion of inorganic solute in the plant ; (5) The growtlt 
of plants in artificial media in relation to the study 
of plant nutrition; (6) Some biochemical problems 
associated with salt absorption ; and (7) Aspects of 
the ixitassium nutrition of plants as illustrative pro- 
blems of the system, soil-plant-atmosphere. 
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Inorganic nutrition of plant is a subject in which 
much work has yet to be done. As* the author has 
stated in the prefoce, the purpose of the small volume 
is to present a general prospective of several im- 
portant aspects of the held of plant nutrition. In 
these series of lectures the author who is a promi- 
nent worker on plant nutrition, has naturally 
emphasised that aspect of plant nutrition with which 
he has most direct contacts. The relation of 
inorganic solutes derived from root jnedium to the 
growth of the plant has *becn discussed, including the 
role of soil colloids. The author has stressed the 
importance of soil acidity and alkalinity in relation 
to plant growth. The part played by the so-called 
micro*nutrient chemical elements like Copper, Zinc, 
Manganese, Boron, Cobalt, Molybdenum and 
Selenium, in plant growth, has been discussed. 
Apart from the diseases which may be caused to 
plants by the deficiency of micronutrieiit elements, 
animals can suffer from deficiency diseases because 
the vegetations consumed docs not supply enough or 
more of the elements that function in minute quan- 
tities. The author has discussed the accumulation 
of salts by plant cells ])articularly by barley roots 
and has pointed out tlie importance of the study of 
artificial cells and membranes. The work of the 
author and Davis on the fresh water alga “Nitella*', 
which produces multinuclcatc cells is very interest- 
ing. The review of the works on the absorption and 
accumulation of inorganic solutes by excised roots 
liave been followed by a critical review of the up- 
ward movement and distribution of inorganic solutes 
in the plant. The general problem of translocation 
of inorganic salts in the tissues of plants is very com- 
plicated and the theories evolved to explain this type 
of translocation are various and still highly contro- 
versial. The work of Stout and Hoagland (1939) who 
performed a series of experiments with radioactive 
tracers of phosphate, bromide and potassium ions on 
several species of plants showed that the upward 
movement of solute in the wood was far more rapid 
than in the bark, but a rapid lateral transfer of solute 
from wood to bark took place whenever the two 
tissues were in contact. The author has also sur- 
veyed some of the physiological aspects of the in- 
organic nutrition of plants as they are offered for 
examination under controlled conditions^of artificial 
culture technique. The author has tried to Bring out 
that artificial culture methods, including climatic 
control in appropriate cases, as well as control of 
nutrient media will render important service to plant 
technique. The author has pointed out that at the 
heart of the whole question of salt’ accumulation in 
its relation to biochemistry is the nature of the 
ener^tic coupling ojE metabolism to the active tran- 
sport of salt. The author feels, that progress in 
understanding the mechanism of salt accumulation 


will dei)cnd largely on advancing knowledge of the 
biochemistry of respiration, together wath a correla- 
tion of biochemical transformations with the main- 
tenance of organised structures in the protoplasm. 

In the final lecture the author has discussed 
critically the different aspects of potassium nutrition 
in plants, and has shown that the potassium supply 
has indirectly a relation to the respiration of plant 
tissues. It lias been pointed out that the climatic 
environment influences the requirements of the plant 
for potassium, or its ability to absorb potassium. The 
interesting fact is that no indispensable organic com- 
binations of potassium have been discovered and tliat 
nearly all txitassium exists in inorganic form. 

There are twenty-eight valuable illustrative 
plates in this volume, drawn from the exiieriments 
of several groups of Californian workers. Although 
the book is not a complete survey to the vast number 
of contributions in the field of plant nutrition, it has 
presented in a compact form, a number of important 
problems. It is hoped that the book will be useful to 
all students and research workers on plant nutrition. 

A. r. S. 


Agriculture in India.— By Nabaoopal Das, Ph.D. 

{Econ. Eond.), I.C.S. To be had of the Book 

Exchange, Price Re. i/-. 

Dr Nabagoiial Das Ipis already iqgde his mark 
as a writer of several books 011 current economic 
and industrial problcn^. “Agriculture in India” is 
a little monograph of ^ pages which the author has 
done well to write for the general readers at a time 
when average man in India is beginning to realize 
the seriousness of her agricultural backwardness. 
The author has not attempted a thorough discussion 
of the problem, and this is also not possible within 
the small compass of a monograidi, but he has pre- 
sented enough facts to convince the lay reader of 
the magnitude of India’s agricultural problem and 
the need for thorough agricultural development along 
scientific lines in the immediate future. The book 
is readable and has general educative value. 

5 . N. 5 . 


Beyond the Microscope. — ^By Kenneth M. Smith, 
F.R.S. Published by Penguine Books. 

Viruses and virus diseases have .attracted wide- 
spread attention during recent years. Although 
viruses and virus diseases are as old as lifg itself on 
this planet, it is only recently that the mystery 
shrouding these invisible micro-organisms is begin- 
ing to be lifted. The nature of, and the diseases 
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caused by» such micro-organisms which have hitherto 
baffled all attempt to see them with the help of the 
most powerful microscope using visible light have 
formed the theme of the little book, "Beyond the 
Microscope", tinder review. The Penguine Books 
has an unerring judgment in its choice of authors 
for special monographs, *w'hich has also been 
adequately reflected in the present case. Dr Kenneth 
M. Smith, Director of the Plant Virus Research 
Station at Cambridge University and author of this 
monograph and several others on entomology and 
plant viruses, has worked most of his professional 
life on plant viruses. His account, although designed 
for popular readers, has accordingly every stamp of 
authority and an advantage of first hand information. 


Vol. X, No. 6 

Besides, he has told his story— and story-Bke the 
book would read— in a fascinating and degant way 
that easily appeals to popular imagination. 

The book is divided into ten chapters, each 
devoted to a special topic relatii^ to viruses. The 
various discussions introduced include such subjects 
as viruses in every day life, viruses in farm and 
garden, viruses in the tropics, study of viruses in 
the lat^ratory, viruses and tumors, viruses in time 
of war and p^ace, combating the viruses etc. The 
book further contains six Illustrative photographs. 
The book is an invaluable possession for any one 
intending to know the nature of viruses and virus 
diseases. 

5 . N. S. 


LETTERS TO THE EDITOR 

[The editors are not responsible for the views expressed Jn the letters,] 


A SIMPLE SUBSTITUTE FOR PERFORATED GLASS 
DISCS IN SOIL PERCOLATORS 

Thi; lierforated glass discs in soil ijcrcolators can 
be replaced by discs made with ordinary wax (in.p. 
6o«C). 

These cab be very easily prepared by melting 
calculated weight of wax in warm water with a knowm 
surface to give it the desircdRthickness and allowing 
the oily liipiid on the top to cool: When cool, the 
wax solidifies giving a very uniform sheet of wax. 
Discs can be cut very easily by marking the sheet 
with a sharp pin and giving slight twists. The holes 
can be lx)red easily. 

(.)wing to difficulties of supply of glass discs we 
are using these discs for soil studies. They are en- 
tirely satisfactory. The advantages over glass are the 
following : 

(i) They are not broken so easily as the glass 
one$. 

(3) They are not attacked by ordinary chemical 
reagents i,e, acids^and alkalies. 

(3) They are cheap. 

S. V. Dbsai 
Abhiswar Skn 

Imperial Agricultural Research Institute, 

N«w Delffl, 7-8-IM4- 


PNEUMATIC TIDE-GENERATING MACHINE FOR 
EXPERIMENTING WITH MODEL TIDAL RIVERS 

In a laboratory model of tidal river the tides arc 
artificially generated usually by dipping a drum or 
‘plunger* in the downstream end reservoir of the model 
channel. The plunger is dipped or withdrawn with 
pre-determined si>eeds controlled by a suitably con- 
toured cam which is figured according to the given 
tidal curve. For a large model the plunger becomes 
quite large and the machine unwicdly. In the Severn 
model designed by Prof. Gibson* the plunger has a 
size of SJil ft. xij^ ft. ft. — ^In another 

method,* water in the downstream reservoir is fed 
and withdrawn through water valves and floats to 
give proper rise and fall of the level at the seaward 
end of the model. 

In the present pneumatic tidal machine the 
downstream tank is partially covered and partitioned 
out into two compartments with a vertical wall 
having Lommunication holes at the bottom (fig. 1). 
Water is first filled in the model -up to the required 
level. Then by introducing air from a compressed 
air reservoir the level of water in the tidal tank (A) 
is depressed and water is forced out across the bottom 
holes (D) into the channel-end (B), giving the swell 
of a tide. By releasing the air through an exhaust 
the water in the tidal tank rises again and there is an 
ebbing in the channel. 

It is important that the closed tidal chamber (A) 
should be air tight above the water levd. If the 
structure is all maMory the internal walls and the 
cover should be well , coated with ceme&t, or be^r 
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still with a layer of vamisli. For perfect assurance 
against air lei^kage, a thin gauged sheet metal tank 
may be incorporated inside the closed masonry tank, 
the masonry enclosure will protect the thin metal 
tank from its tendency of bulging under pressure. 


This pneumatic method of generating artificial 
tide in a model tidal experiment cleminatcs any 
mechanically moving heavy i>art. Quite low pressure 
is necessary in the tidal tank, the level difference of 
water in the tank (A) and in the fre^ channel side 



The intake and exhaust air lines are provided 
with suitably figured openings in the cock in order 
that a giygn tidal action is produced by the con- 
trolled rates of feed and exhaust. The cock con- 
sists of a cup (stator) and a^one (rotor) as usual. 
The present rotor is* about a inch in diameter and 
2 inch in height and is made of cast iron. The rotor 
cone is hollow and is cut with two openings or slots 
as shown in fig a. The opening moves on slowly 
(according to the time-scale of the model experiment) 
against a slit in the stator cup of the cock. The 
slit then leads to the nozzle. The figure of the 
opening in the rotor is derived for a given tidal curve 
(the present figure represents that for a particular 
tide at Kultigong). The opening represents the 

dlh 

rate of rise ~ of the gauge level h with time i and 

at 

the values are derived from the i, h curve of the given 
tide. The width of the slot at any instant is given 

by y = m where m is any constant suitable for the 
at 

size of the rotor. This approximately represents the 
feeding (or exhausting) rate of air for the tidal tank, 
and the opening in the rotor is cut according to this 
rate. Some corrections, however, are necessary as 
the channels have not rectangular cross section and 
that the free surface of water in the channel goes on 
increasing as the water rises up. The variation, 
however, is small compared with the total mean 
surface of water in the tidal section. Some minor, 
cut-and-try retouching may be necessary on the figure 
of the opening. Auxiliary cocks and pressure con- 
trols are also helpfid in obtaining accurate represen- 
tattoa.of a given tide. 


(B) repre.senling the pressure in the tidal tank, which 
amounts only to some fraction of a pound per sq. 
in. The volume of air required is, however, large, 
depending on the size of the model and tidal range. 
But considering the pressure and volume together, 
and the time of a complete tidal cycle, the ix)wer 
involved is quite small, so that the compressed air 
outfit is not large. 

The time of tidal cycle is controlled by the 
rotation of the cock which is driven by a reduction 
gear and a small electric motor. The nature of the 
tide is controlled by the figure of the opening 
in the tidal cock. And the tidal range or amplitude 
is controlled by the feed pressure of the compressed 
air across the cock. 



Pig. 2. The tidal cock, dismantled. 


Work is in progress and details will be published 
elsewhere. 

My thanks are due to Prof. M. N. Saha, F.R.S., 
and Dr N. K. Bose, Ph.D., Director of the River 
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Research Institute, Bengal, for taking keen interest 
in the work. I am also thankful to the Irrigation 
Department of Bengal for providing funds to carry 
out researches in River Physics in this Laboratory. 

/ 

Kamat^ssh Ray 

Palit Laboratory of Physics, 

University College of Science, 

92, Upper Circular Road, 

Calcutta, 4-9-1944. 

* A. Gibson, Report of the Severn Model, Manchester 

University. 

* Annual Report (p. 18, I94(M1) of the Central Irrigation 

and Hydrodynamic Research Station, Poona. 


COEFFiaENT OF RADIATIVE RECOMBINATION OF 
N,^(X') ANDe 1 

In a recent note by the author the value of the 
recombination co-efficient of Na+ (X^ ions and 
electrons in the nitrogen after-glow was computed 
from the rate of decay of glow as observed by 
Rayleigh.’ The value was found of the order of 
10’’^ cm*‘‘ per sec. According to Mitra*s theory* of 
active nitrogen this is the co-efficient of recombina- 
tion of the ion and the electron by the three-lx)dy 
collision proce.ss Na+ + c + N;f— >-Na(B-statc) + Na(A- 
state) in course of which the characteristic siieclruin 
of active nitrogen— the first positive bands— are 
emitted. It is obvious that the value of the co- 
efficient of radiative recombination Na'*' (X') + c — > 
Na+hv must have to be much .smaller than the value 
10“’* cm* per sec. as otherwise, the electrons and 
the ions will disappear rather by this process than 
by the three-body collision process. That the co- 
efficient of radiative recombination is small is seen 
from the following considerations: 

The probability of radiative recombination of an 
electron and a positive ion is proportional to the pro- 
bability of the opposite process namely ionisation by 
light absorption (Na+ Av— >Na+(XO + c). In fact, 
according to Milne* the two are related by the 
formula 


where 

cross section of light absorption, 

Qa^cross section of light emission, 
m =mass of electron, 

V = velocity of electron, 
c —velocity of light, 

V -frequency of emitted radiation. 

In order to find the cross-section, of radiative 
Recombination we require the cross section of light 
absorption for process N3 + Av->Ns‘^(XO + e and the 


value of V. Unfortimately, however, the value of 
Qa for the above process has not been determined. 
Nevertheless we can make some idea about its 
probable magnitude from the following data. 

Absorption experiments in the extreme ultra 
violet show that while light absorption leading to 
the ionisation process 

Na+/ii'=Na’(A') + e— (I) 

is quite strong, that leading to the ionisation process 
Na+/fv=Na+(XO + e-(II) 

is extremely small. (Nj’*'(A') is the excited state of 
the normal ion Na‘^(XO. (^e, for instance, energy 
level diagram of N, in Molekulspektren and Molekul- 
struktur, Herzberg, page 327). In fact, Hopfield^ 
who was the first to study the extreme ultra-violet 
absorption of N^ did not observe the absori^tion in 
the region A794 which corresponds to reaction (II). 
In a more recent experiment by Price* *an absorp- 
tion continuum was found near the region A794 but 
the bands going to it could not be identified with 
the type of bunds one would expect to approach the 
gound state ofNa"*^'. Worley and Jenkins,* hbw^- 
ever, in 1938, observed that there was a^ continuum 
corresponding to reaction (II) with a few tenths of 
a mm. of Nj at N.T.P. Worley and Jenkins do not 
give any quantitative data regarding the value of 
the absorption co-efficient, but it appears to be very 
small. Compared to this Takamine^ obtained ab- 
sorption continuum for the reaction (I) strongly with 
only a few hundredths of min. of Nj at N.T.P. 
From these results one is justified in assuming that 
the cross-section of light absorption for the ionisa- 
tion process (II) is much less, more than one order 
at the least (say one hundredth) than that for pro- 
cess (I). Now an approximate value of the cross- 
section for reaction (I) has been obtained by Bhar 
by applying Kramer’s fonnula ; the value found is 
1*9x10"’* cm*. The cross-section of absorption for 
reaction (II) may therefore be taken as 1*9x10"*® 
cm.* Assuming electron energy to be s 
42x10^ cm /sec (which is by no means too high 
a value for electrons derived from powerful dis- 
charge) we obtain Q«.=Qa xo*96x lo"* 

Qe [N 2'^(X') + e-^Na + Av ] = I *82 X 10"** cm* 
And, .since the co-efficient of recombination is related 
to the cross-section for electron-capture by the 
equation <=QflXT> we have for reaction (11), < — 
7*6x10"’* cm* /sec. This is about' two order less 
than the co-efficient of recombination by the three- 
body collision as calculated from Rayleigh’s experi- 
ment. 

In view of the uncertainties in the values of the 
various quantities involved in the calculation, the 
value of < obtained is to be considered only as a 
rough, approximation^ But the fi^ct that the pro- 
bability of ionisation of Ni to Nj|+(XO by light 
absorption is extremely small, is an experimental 
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one, and it is on this that the result obtained above 
is mainly based. 

J. S. Chatterji 

Wireless Laboratory, 

University College of Science, 

92, Upper Circular Road, 

Calcutta, 28-9-1944. 

^Rayleigh, Proc, Roy. Soc., A., 176, I, 1940. 

*Mitra, 8. K., Sciknck & Cuuurs. 9, 49, 1943-44 mid W, 
133, 1944 Nature, 154, Aug. 12, 1944. 

* Milne, E. A.. PMl. Mag., 47, 209, 1924. 

* Hopfield, J. J., Phys. Rev., 36, 789A, 1930. 

•Price, W. C., Phys. Rev., 48, 716, 1935. 

•Worley and Jenkins, Phys. Rev., 54, 305, 1938. 

' Takaniine. Suga and Tanaka, Sc. Pap., I.P.C.R., 34, 854, 
1938. 

* Bhar, J. N., Ind. Jour. Phys., 12, Part V, 1938. 


ON THE ORIGIN OF EXTRA REFLEXIONS IN THE 

LAUE PHOTOGRAPHS OF PHLOROGLUCINE 
DIHYDRATE CRYSTALS 

Bose‘ has recently observed that in the Laue 
photographs taken with X-rays parallel to the c-axis 
of crystals of phloroglucine dihydratc a few extra 
spots appear in positions agreeing with those 
expected for the two-dimensional grating. These 
spots have further been found to be produced by 
monochromatic radiations and not* by the white 
radiation. Bose has not offered any explanation 
regarding the origin of these extra spots, but has 
called them secondary extra reflections on the as- 
sumption that they are similar to some extra 
reflections observed in the case of diatuond and 
called secondary extra reflections by Jalin and 
Lonsdale.” He has fu^licr stated that since the 
extra spots due to ])hloroglucine dihydrate are pro- 
duced only by those portions of the crystal which 
are free from internal strain, these facts contradict 
I.ionsdale*s theory that the secondary extra reflec- 
tions from diamond are due to internal strain in the 
crystal. The object of the present note is to point 
out that there is a fundamental difference between 
the nature of the secondary extra reflections from 
diamond and that of the extra reflections from 
phloroglucine dihydrate observed by Bo.se, and also 
to offer an explanation regarding the origin of these 
reflections observed by Bose. 

It has been pointed out by Jahn and Lonsdale 
tliat the position of the centre ^of the triangular 
patteni constituting the secondary' extra reflection 
from (in) planes . of diamond shifts as the deviation 
from the Bragg angle is changed so that the Faxen 
formula is always approximately satisfied. On the 
other hand Bose has observed that the poshions of 
the extra .'spots due to phloroglucine dih3rdrate do 
not change appreciably while the Laue spots mbve 


over considerable distances. These facts clearly 
indicate that the angle betw'een the incident 
beam and the direction of extra reflection remains 
constant in the case of phloroglucine dihydrate even 
when the glancing angle is clianged, hut this angle 
changes in the case of diamond with the change of 
the glancing angle. Hence the assumption made by 
Bose that the extra reflections observed in the twR 
cases are similar is not correct, and consequently, his 
inference that the facts observed by him arc con- 
tradictory to the hypothesis put forward by Lonsdale 
to explain the origin of secondary extra reflections 
from diamond is also not correct. 

As regards the origin of the extra spots observed 
by Bose it has to be pointed out that mosaicity of 
the crystal can produce such extra si)ots under 
certain -circumstances. When the lines of inter- 
section of planes in successive tliin flayers of the 
Mosaic block arc parallel the Bragg relation may be 
satisfied by the planes in a particular thin layer 
although tiie glancing angle for planes in the other 
layers is either smaller or larger than > the Bragg 
angle. This layer in that case will give rise to an 
intense Bragg reflection while the intensity of the 
Laue spots due to the other thin layers will be very 
small, because the intensity of the corresponding 
bands in the white radiation is very small in com- 
parison with tliat of the characteristic radiation. A 
Laue spot will, however, be produced by the portion 
of the crystal which is free from mosaicity and the 
effective thickness of which is much larger than that 
of any thin layer of the mosaic block. As the 
spacings of the planes in the different layers of the 
mosaic block are identical the Bragg reflection will 
occur in the direction making an angle 2 ^b with the 
incident beam for all settings of the crystal for which 
the Bragg relation is satisfied by the planes in anyone 
of the layers in the mosaic bhxzk. 

In the case of diamond, internal strain in the 
crystal may alter slightly the spacings of the planes, 
and the extra reflections will occur in directions 
making different angles with the incident beam so 
that the Bragg relation for the altered spacings is 
satisfied in those particular directions. Thus imper- 
fections of different types may give rise to extra 
reflections of different nature and those observed in 
the case of phloroglucine dihydratc are due to the 
mosaicity of the peripheral portions of the crystal. 

S. C. SlRKAR 

Physics Department, 

University College of Science, 

93, Upper Circular Road, 

Calcutta, 7-10-1944. 

' huse, C. R., Proc. Nat. Inst. Sc., W, 201, 1944. 

•Jahu and Lonsdale, Nature, 147, 88, 1941. 
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METHODS FOR THE REMOVAL OP THE TOJUC AND 
INHffilTORY PRINCIPLE OF VARIOUS SOSUI 


Apart from the case of the fertile soils by the 
side of the river beds and in the delta regions, there 
are some soils which exhibit total infertility. It has 
been established tliat the inability of a soil to pro- 
mote the plant growth, cannot be entirely attributed 
ttt^the ab^nce of nitrogenous substances, nutrient 
salts and soil acidity but that only the micro- 
organisms arc intimately connected with the infer- 
tility of the soil. 

These micro-biological agents are further recog- 
nised to bring about the toxicity during the decom- 
position of organic Detritus. The methods employed 
to prevent such inhibitory principles of the soil onr 
the part of the plant-growth arc summarised as 
follows : 

(i) The soil, heated to 40-50 degrees and gra# 
dually cooled. 

(a) The soil heated with alcohol. 

(3) Heating with methylated spirit. 

(4) Heating with Acetone. 


is studied and discussed here. Thus the common 
experience of the agriculturist is fully justified in 
tilling the land and leaving for sometime exposed to 
the sun before he .waters and seeds it. This involves 
a photo-chemical effect brought in favour of the 
micro-organism by enabling itself to grow and multi- 
ply in a nitrogencous atmosphere which essentially 
requires sunlight. In fertile soils the decomposition 
of the organic bio-humus is absent and the micro- 
organisms multiply in number by a spontaneous 
growth. But the fact that some soils cannot pro- 
mote plant growth means that such a humus- 
decomposition is associated with the metabolic origin 
of the particular soil. 

Black gram is found .suitable for studying thq 
removal of inhibitory principle in a variety Of soils 
and the Table I given below shows the rate of 
growth dependent on the nature of the soil at the 
ordinary temperature. 

Again the composition of the soil also plays an 
impor^nt role in promoting the plant growth. A 
preliminary set of analyses of these different soils 
gave the following results (Table II). 


TABLE I 


No. 

. Source and speciticiiy of Itie soil 

Weight taken 

Period of exposure 
to sunlight 

Time taken for the 
first appearance of 
germination 

1. 

Sea-side sandy soil 

nlmnt 10 lbs. 

48 hours 

about a week 

2. 

Coarse rocky soil 

>» 

48 

„ 15 days 

3. 

Lake clay soil ... 


60 „ 

If 3 II 

4. 

Well clay soil ... 


48 M 

M ^ II 

5. 

Pit clay .soil 

ft 

48 „ ‘ 

II 2 1, 

6. 

Canal clay soil ... ... <.. 

fi 

48 M 

II 11 II 


IT 


TABLE II 


No. 

Source and specificity 

.Amount of mineral 
matter present a.s jpar* 
ticlei^of various sizes 

Amount of 
organic 
matter 

Amount of 
soil made 
of inorg. 
salts 

Soil atmosphere 
made up of dif- 
ferent germs 

Micro- 

oiginic 

popilation 

1» 

Sca-side soil 

65% 

40% 

12% 

12% 

2% 

2. 

Coarse rocky soil ... 

70% 

6% 

14% 

10% 

2% 

3. 

Lake clay .soil 

«% 

20 ,i- 

20% 

14% 

1% 

4. 

Well clay soil 

40% 

25% 

20% 

14% 


5. 

Pit clay soil 

«% 

25% 

25% 

5% 

1% 

6. 

Canal clay soil 

3(M5% 

25% 

25% 

15% 

1-2% 


(5) Partial sterilization also can be applied but Further work is in progress, 

not so successfully. ^ 

(6) A series of papers published in the literature^ 

concerning soil chemistry established that solar radia- N. Prabhakara Siiastry 

tion has got a tremendous effect in promoting the 

growth by removing the inhibitory principles. The Christian College, 

solar radiation effect on the removal of soil toxicity Guntur, •5-9-15^. 
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to promote national interest and lastly, whether the 
plans in individual subjects, drawn up separately, 
form parts of a co-ordinated planning for all-round 
economic and social uplift. The object of planning 
for reconstruction, as we understand it and as it is 
accepted in other countries which have profited by 
planned development, is to raise a country’s economic 
efficiency to such a level as guarantees a reasonable 
standard of living for all, opportunities and employ- 
ment for all, and some measure of social security *0 
safeguard the subsistence needs of all. It is most 
important to enquire whether the Government, while 
proposing a i)lanncd development of India, have 
accepted the above criterion as the cardinal object 
of planning or have they attached a different meaning 
to the term. In that case, have they defined that 
object and explained in clear and imainbiguous terms 
their policy which should guide and determine the 
entire planning activity ? It is on these criteria that 
Sir Ardeshir’s speeches or those of any other spokes- 
man in authority should be judged. 

Most of the schemes and proposals referred to 
above and drawn up so far are unco-ordinated indivi- 
dual schemes and represent mainly unproductive lines 
of development. The wisdom of showing primary 
interest in such schemes as the development of roads 
and railways, some of which are likely to lead to 
heavy unproductive debts, and sanctioning huge sums 
of money for their execution may well be called in 
question. In fact, Sir Visvesvaraya has sharply 
criticized such practices of sanctioning individual 
schemes and has raised fundamental objection to such 
procedure. Nothing is more erroneous than proceed- 
ing with schemes framed in isolation before the entire 
range of development has been envisaged and care- 
fully planned. Moreover, these lines of development 
thougli imijortaiit do not represent the country’s 
prime neces.sities today whose fulfilment should bring 
prosperity to the people. And yet the Government 
have of late been loudly advertising these plans and 
taking active interest in their execution. 

On the other hand, the urgent (question of the 
development of industries, particularly the heavy and 
basic industries, has received little or no attention 
and has been ignored. The Government have 
curiously enough maintained a studied silence and 
have evaded the issue on constitutional grounds. 
They have justified their inaction on the plea that 
industries are Provincial subjects and that the Centre 
is not expected to meddle in questions relating to 
them. And this, despite the knowledge that vigorous 
drive for industrialization is not possible except under 
a strong and planned central lead. In fact, planned 
effort means such a central lead. We. have ample 
confirmation of this truth in the fact that the .Central 
Government of India on innumerable occasions, under 


the present emergency of war, have acted in their 
supreme capacity in complete disregard of such 
Central and Provincial delimitations with great 
advantage. Industrial development of this country 
with which the economic well-being of the people^ is 
insctiarably connected is an emergency of no mean 
order.* The fact is inescapable that while Govern- 
ments of other countries have promptly acted to meet 
similar emergencies arising in their respective 
countries, the Government of India have not only 
preferred to remain inactive, but have attempted to 
shirk responsibility on such artificial pleas. 'Hie 
creation of the Department of Planning and Develop- 
ment and the appointment of one of the signatories 
of the Bombay Plan as its Member were interpreted 
in several quarters as signalling a change of Govern- 
ment attitude with regard to their industrial policy. 
The public naturally expected some clarification of 
this i)blicy, especially as it applies to the question of 
setting up of heavy industries. This expectation has 
hardly been fulfilled. 


Plans for the Training of Trcunicai. Personnel 
AND InDUSTIUVL PANELS 

The Planning Member has, however, informed us 
that the Government have proposed to send a large 
number of men for training in the near future to the 
United Kingdom and the United States of America. 
This is undoubtedly a .step in the right direction. 
We share his view’s when he says that ‘the most 
essential preliminary step was the training of our 
future scientists, engineers, geologists, doctors, agri- 
culturists, educationists, administrators, etc., in the 
innumerable different jobs for which they would be 
required*. Likewise the suggestions for the establish- 
ment of a very high grade technological institute on 
the lines of the Massachusetts Institute of Technology 
in the U. S. A. and of an All-India Medical Centre 
wdll be approved. Sir Visvesvaraya has also pleaded 
in his booklet for the establishment of an Institute of 
Higher Technology on the model of the M.I.T. 
Further, Mr John Sargent, the Educational Advisor 


* Sir Visvesvaraya estimates that the average income 
from industries in^ normal years is Rs. 15 per head of 
popuLition in India. In the United 'Kingdom and tlie 
U. S. A., the corresponding figures are Rs. 800 and 
Rs. 1,000 respectively. Whereas 7*1 per cent, of the popula- 
tion ill England and Wales and 22 per cent, in the U. S. A. 
are engaged in agriculture, India has about 67*2 per cent, of 
her population dependent on agriculture. In no civilir.ed. 
country lias the proportion of agricultural population 
exceeded 33 per cent. Even in the face of such facts, the 
ex- Viceroy had no scruples to say that ‘India is, and for 
a long lime yet, likely to be, mainly an agricultural coun- 
try*. For, otherwise how can the chronic poverty of this 
country, so essential for the prosperity of the; country of 
his birth, be perpetuated? 



December, 1944 


PI^ANNING AND POUCY 


219 


to the Government, recently visited the U. K. and 
the U. S. A. to investigate to what extent facilities 
for the technical training of Indians would be avail- 
able in those countries. Necessary as these steps are, 
we are at a loss to understand how one can plan for 
the training of technical personnel before plans for the 
development of basic and manufacturing industries 
requiring such personnel are ready. This is putting 
the cart before the horse. 

So far as the whole question of. the development 
of industries is concerned, the Hon*ble Member has 
given us nothing more than the bare statement that 
the Government have further proposed the creation of 
a number of panels for industries, each coiniwscd of a 
permanent officer of the Pinning Department and one 
or more experts according to requirements, and en- 
trusted with the task of investigating the problems of 
the development of individual industries or groups of 
industries. These panels, it is understood, would 
act in close liaison with the Supply and Industries 
and Civil Supplies Departments. The final plans will 
be worked out after due consideration of the findings 
and recommendations of these panels and the various 
development committees which the Provinces have 
been recpiested to set up in their individual capacities. 

We are, however, not in a position at present 
to judge the merit of the proposed procedure, as 
detailed information regarding the nature and con- 
stitution of such industrial panels is lacking. Perhaps 
it may be desirable to introduce the panel system ; 
but much depends on the selection of industries and 
the nature of the Government’s industrial policy in 
the post-war period. In fact, regarding the creation 
of panels for some heavy industries, such as ship- 
building, air-craft, manufacture of large electrical 
machinery, plastics, dyc-stulTs, etc., Sir Ardeshir’s re- 
marks have already proved far from encouraging. The 
individual industrial concerns, we are told, will be left 
to themselves to make their own arrangements with 
regard to such industries. Panels for such industries, 
even if created, will do no more than suggest in a 
very general way the feasibility and location of such 
industries. So even if the development of industries 
receives any encouragement, the Oovernnient are 
more likely to concentrate on light and less important 
industries and ignore the claitns of heavy and basic 
ones for which excuses on either technical or economic 
grounds will not be difficult to advance. That is 
why industrialists and political leaders of the country 
have repeatedly pressed the Government for a clear 
statement of their post-war industrial policy, but 
without success. 

Industrial, Expansion Discouragrd 

Sir Ardeshir, however, entertains optimistic 
views regarding the attitude of His Majesty’s 
Government to the question of industrial develop- 


ment of India and appears to be confident of their 
appreciation of India’s needs and aspirations. *’It is 
a matter of gratification to observe” says he, “that 
so far as His Majesty’s Government are concerned, 
there is a clear appreciation of our needs and aspira- 
tions.” In support of his views he quotes a few 
lines from Mr Amery’s speeches delivered before the 
Institute of Export and the East India Association. 
At a meeting of the latter, Mr Amery is reported to 
have said, 

“I can say that the Government of this country (Britain) 
only wants to see Indian industry developing to the fullest. 
The last thing the indu.<;trialist<; of this country have in 
mind is the idea that the British cxpoils industry can best 
prosper by India being held Ijuck in the course of her 
industrial development. ’ ’ 

Sir Ardeshir is to be congratulated on his effort to 
discover in these words the germ of positive assur- 
ances. But we arc hardly prepared to accept them 
as such, knowing full well that they come from the 
mouth of a die-hard imperialist of the stamp of Mr 
Eeopold Amery. 

The Government’s attitude in the past was one 
of iininterriii)ted okstniction and discouragement. 
Even during the present war when development of 
heavy industries was considered essential in the 
interest of the United Nations by several experts and 
strategists, Ilis Majesty’s Government stubbornly 
resisted any such development lest it should jeopar- 
dize British commercial and trade interests in India 
when victory comes. Conferences were held and 
missions were invited at the expense of Indian tax- 
payers to discuss the que.stion of India’s industrial 
development in so far as it contributes to the war 
effort, but the decisions were taken secretly and the 
reports of their deliberations were not published. Sir 
Visvesvaraya cites, in his booklet, a number of in- 
stances of similar missions and conferences which 
have already elicited bitter criticism in the Indian 
press. The report of the Roger Mission, as he 
writes, remains a sealed book to the Indian 
public to this day. The Mission consisted of 
a large number of industrialists from England and 
the Dominions, but none from India. Even the 
trusted representatives of the Indian people were not 
taken into confidence when the Mission’s proposals 
were formulated. The report of the Grady Mission 
was also suppressed. Similarly, while well-known 
manufacturers from other countries were freely 
allowed to take part in the Eastern Group Conference, 
India was represented by a few seasoned Government 
officials and not by the trusted representatives of 
Indian manufacturers. In fact, the Government were 
at pains to explain away the visit of Mr Guy Eocock, 
the representative of the British Board of Trade, to 
the Eastern Group Supply Conference session held in 
India in October, 1940. The real purpose which in- 
spired the British l^ard of Trade to send their re- 
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presentative lo the Conference is briefly referred to in 
a report of the Railway (rozetle of London, from 
which Sir Visvesvaraya (inotes the following extract, 

'*As the Board of 'I'rade representative on the Mission, 
he (Mr l^Jcock) was entrusted with the task of appraising 
future eflorts on British industry of the war pnaiuction 
expansion now being undertaken, always keeping in mind 

the necessity for giving priority to vital war needs 

At the same time Mr Locock holds the view that no steps 
have been taken to expand production as a result of the 
Mission's visit which are not essential for war purposes 
and that on the whole i>ost-war interests in India of British 
industry arc not likely to suffer so greatly as was at one 
time expected.” 

These are sufficient instances— and many more 
can be cited-— to indicate clearly the negative attitude 
of the Government towards industrial expansion of 
the country. Meanwhile, nothing of importance ha.s 
happened to foreshadow a substantial change in the 
Government’s industrial policy and to make us inter- 
pret Mr Amcry’s verbal statement as definite assur- 
ances on which to work. 

Only the other day, a correspondent of the 
Hindu (November 4, 1944), writing from London, 
drew attention to the possibility of an intensive com- 
petition between llritish and American manufacturers 
for post-war markets. Preparations for a huge 
American export trade in the iK)st-war period have 
already caused grave anxiety in Britain, and recently 
The Manchester Guardian devoted a full editorial 
article protesting against such uneasy trends in 
American commercial policy. Complaints that 
Britain is lagging behind U.S.A. in export plans arc 
now frequently lodged, and from several quarters the 
demand has been made that the Government should 
explain at least the broad features of their future 
commercial policy. An American commentator, on 
the other hand, would have us believe that ’more 
than 1,000 British salesmen with passports and 
special privileges arc now roaming through all the 
friendly nations, offering goods of British manufac- 
ture for post-war delivery.* With regard to the 
menace that American business men who produce 
better and cheaper articles are least expected to re- 
frain from producing and selling them. The Man- 
chester Guardian writes: — 

”. . . . The United States Commodity Credit Corpora- 
tion has just announced plans for the resumption of cotton 
and wheat export subsidies designed to put American sur- 
pluses on the world market at artificial ])rice9. Similar 
’equalization* or dumping schemes for textile exports are 
authoritatively reported to be under consideration in Wash- 
ington. Other facts mentioned in this connection are 
firstly Admiral Land's statement that the American Mer- 
chant Marine wonld have to be maintained 'by parity pay- 
ments* to equalize operating costs with those of competing 
forei^ ships; secondly, Mr Harry Hopkins* demand that 
American loans should be only spendable in the United 
States; thirdly, 'the propaganda campaign of American 
exporters in the Indian Press introduced by a series of full- 
page advertisements signed 'Issued by the Government of 
the United States.* ** 

”... .But how shall we stand, if we ourselves refrain 
from adopting subsidies, quotas and 'discrimination* of all 


kinds, only to find that American exporters are able to 
override commercial competition by Government aid?** 

These developments and the knowledge of huge 
preparation in Britain and the U.S.A. for export trade 
in the post-war period, which have caused grave 
anxiety among Indian manufacturers, do not appear 
to perturb the Indian Government. It was high time 
that the (!k>vcmment came forward with an exposi- 
tion ill broad outlines of their policy regarding in- 
du.slrial controls, and the question of protection and 
tariff. The Government have not thought fit to indi- 
cate to the public how industrial controls will operate 
in future and to what extent they are going to modify 
their present ill-conceived tariff and protection policy. 
Sir Ardeshir has stated ^hat it has not yet been 
possible for Government to arrive at final decisions on 
the (]uestion of protection and tariffs, but that the 
Government are contemplating a liberalization of the 
existing protection policy and the elimination of some 
of the conditions attaching to the grant of protec- 
tion to industries, as if by way of favour to Indian 
manufacturers. Further, there i.s no possibility that 
the existing controls imposed under the Defence of 
India Rules and detrimental, by their nature, to the 
growth of industries will cease to operate in the 
near future. We agree with the Planning Member 
that planning by its very nature implies control and 
regulations and that controls should remain through- 
out the period of planned development. But these 
must subserve a national policy. The people of 
Britain, the United States and the Dominions have 
submitted to controls first, because these subserve a 
national policy and secondly, because they have been 
taken into confidence with regard to their Govern- 
ment's control policy. The Government of this 
country have not done likewise. It is no wonder, 
therefore, that the response from leaders of Indian 
industry was meagre when Sir Ardeshir called upon 
them to book orders for capital goods in U. K. for 
which he was prepared to secure facilities. 

Nqhd for an Economic Organization 

It is clear from the fore-going discussions that 
if the Government are really keen on giving a lead 
which tue people can confidently follow, the 
supreme need of the present time is an announce- 
ment from the Government of their policy behind all 
these plannings, particularly of their industrial policy. 
It is true that the Government have appointed com- 
mittees, consultants, experts, fact-finders, policy- 
advisers and others ; but in the absence of a unified 
national policy, their efforts are destined to be ’a 
case of machinery without functions and of expendi- 
ture without result*. 

In an all-round planned development for India, 
planning for economic reconstruction needs must 
stand out prominently. In economic reconstruction 
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again industries should occupy the foremost position, 
and nothing short of a separate Department of Indus- 
tries can effectively deal with the problem of industrial 
development of India. In his booklet, Sir Visvesva- 
raya has pleaded for the creation of an economic 
organization which should comprise the following : — 

(1) A separate Central Department of Industries with 
a full-time Member of Goverument in charge; 

(2) An Kconoinic Council to secure protection against 
foreign imports and dumping by adequate tariff regulation 
and other measures, to represent and protect the economic 
interests and wants of the people in the counsels of Gov- 
ernment and to explore and recommend schemes of econo- 
mic development generally; 

(3) A grant of Rs. 8 crorcs per annum to be given, 
for five years to begin witli, to carry out all forms of 
preliminary investigation necessary to stimulate economic 
advance, to grant subsidies and subventions to small m- 
dnstrialists, mechanics and shopkeepers, and generally to 
train them and encourage disciplined business life on 
modem lines in every district or geographical unit area; 

(4) Provision of necessary staff and facilities for col- 
lecting statistics and other useful information and for pur- 
suing an industrial and production drive in collaboration 
with the local business and labour population in each area. 

The immediate functions of the organizations will 
be: — 

(1) To work out a Five-year Plan for industries and to 
invest not less than Rs. 1,000 crores in the first five years; 

(2) To take immediate steps to help businessmen to 
establish doxcii retarded heavy industries, of which follow- 
ing is the list : automobile, aeroplane, Diesel engine, rail- 
way locomotives and power machinery generally, machine 
tools and machinery, iron and steel,’ heavy electrical in- 
dustries, ship-building, special defense machinery (arma- 
ments and industrial plant), heavy chemicals such as sul- 
phuric acid, chlorine, caustic soda, soda ash, nitric acid, 
etc., dyestuffs, rayon and plasties. 

(3) To double the production from agriculture and in- 
dustries in Alx)ut 7 to 10 years. 

(4) To expand the measures already being taken to 
industrialize rural areas with the help of leading citizens 
in every district. 

(5) To establish an Institute of Higher Tcchnnlngy in 
some Central Capital City on the model of M. I. T. 


Sir Visvesvaraya is strongly of opinion that 
economic planning for India will hardly be possible 
without such an organization comprising an Economic 
Council and a Department of Industries. The crea- 
tion of the Department of Planning and Develop- 
ment, as can be €a.sily seen, is no substitute for these 
bodies. Under the present dispensation industrial 
planning has been rendered difficult by the fact that 
‘Industries* still continues to be a portfolio of the 
Dej^rtment of Industries and Civil Supplies and that 
the responsibility of developing industries is shared 
by the Provinces not always prepared to work in 
conjunctions, thanks to the Provincial Autonomy. 

Sir Visvesvaraya’s /suggestion for the provision 
of necessary staff and facilities for collecting statistics 
is an invaluable one. The Government were always 
unwilling to maintain industrial statistics and dis- 
couraged initiation of steps to prepare one for obvious 
reasons. No planning is possible in the absence of 
reliable statistics. In fact, the Planning Member 
has now to depend on the voluntary supply of 
statistical information by the cxi.stiug industries. 
The establishment of a central organization charged 
with the responsibility of collecting and maintaining 
up-to-date statistics in every field of human activity 
is, therefore, a sine Qua non. 

But the main question is : Can India have any 
workable national planning without a National 
Government? According to Sir Visvesvaraya, any 
such idea is as illusory, as it is absurd. So long as 
India is ruled as a Dependency by a Government 
responsible not to the jwople of this country, but to 
foreign vested interests, no effective and unified 
national planning is possible, far less its execution. 
A National Government formed out of the trusted 
representatives of the 400 million people, and nothing 
short of that, can alone undertake to i^lan for India’s 
belated reconstruction. 


ARTIFICIAL RADIOACTIVE BODIES IN PHYSIOLOGY AND 

MEDICINE 

N. N. DAS GUPTA 

UNIVr.RSlTY rOUEGB OF SCIKNCK, CALCUTTA. 

(Continued from the last issue) 


Experiments with Radioactive Phosphorus 

By far the greatest amount of tracer work has 
been done with radioactive phosphorus (P**). 
P** has a very convenient half-life of i4'3 daySi 
occurs very commonly in animal tis.sues and emits 
j 3 -rays upto a maximum energy of 1*7 million electron 
volts. 'I^ese electrons may be easily detected either 
with an electroscope or a Geiger MtUler counter. P** 


may be prepared by bombarding ordinary red phos- 
phorus with deutcrons. The phosphorus is then con- 
verted into a neutral solution of di-sodium phosphate 
which may be given to the experimental animal either 
by mouth or by injection. The animals (chicks, rats, 
mice, etc.) to whom radiophosphorus is given are 
killed at fixed intervals after the application and all 
organs and samples of other tissues are removed and 
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asliccl. From a* iiicasurenient of the radioactivity of 
the ash, bones, excreta etc., one can follow accu- 
rately the ab.sor])tion, utilisation and excretion of 
phospliorits by the animal system. 

These e.xperiments show that the phosphorus in 
bones, muscles and fat is continually being added 
and replaced so that the cquilibriuin is dynamic and 
not static. Such dynamic exchange of phosphorus 
also takes place in the brain. Within an hour of 
application of labelled phosphorus lecithin containing 

can be isolated from the brain of rats. 

Tlie greatest amount of radio-phosphorus is, 
deposited in bones and muscles. When the activities 
per gm. weight of tissues are compared, bone has the 
iiighest activity and blood i\A least. Spleen, skeletal 
muscle, fat and liver come next to bone. Compari- 
son of the activities on the 4th and the 60th day of 
application of labelled pho.sphoriis, indicates that 
radio-phosphorus shifts mainly from muscles and 
intestine to bone and bone marrow. 

The scat of the greatest production of phos- 
pholipidcs and nucleoprotehis is the liver. The liver 
of normal mice is characterised by a high activity 
which reaches a iiiaxiimini within a few liours of 
apfilication of labelled P. At the height of its 
maximum activity 5% of administered P is present as 
phospholipid per gm. weight oF liver. The activity 
of liver decreases rapidly after reaching the 
maximum, being only 1% at the end of two days. 

A comparison of the specific activity of phos- 
pholipid phosphorus of plasma with that of the other 
organs slious that liver is the principal .site for 
phosphorylation of plasma phos[)holipid. Normally 
api>rcciablc amounts of radio-phospholipid appear in 
the plasma within 3 hours of a single injection ofi 
P'*®. Hut if P"® is administered immediately after 
the removal of liver, no P'*’* appears in blood even 
6 hours after ai)i)licalion. In normal rats the activity 
of the plasma reaches a sharp maximum within 36 
hours of application of P*®, when 0*5 -I’o per cent, 
of the administered dose may be recovered from 
plasma phospholipids. Compared with the plasma, 
the corpuscles lake up phosphorus very slowly. The 
highest activity of the cells (50% of that of Ihe 
plasma) ai^pears only after 8 days in the case of man. 

Compared to liver, kidney and intestines inactive 
tissues like muscles and brain show very .slow but re- 
gular ui)takc of radioactive phosphorus. In the case of 
brain a progressive increase in the amount of radio- 
phospholipid can be followed even 9 days after the 
application of P®*. Once P has been deposited in 
these tissues, its lo.ss is also very .slow, 70% of the 
maximum activity is retained by the brain even after 
a month. 

Egg laying increases the rate of turnover of 
phosphonts by blood, ovary and oviduct. Hcvesy 
showed that most of the yolk phosphatide is derived 


from plasma but formed in liver. The same also 
applies to milk phosphatidcs. 

Phosphorus metabolism in mice with different 
tumor transplants has been studied with great care. 
Pour kinds of mouse tumors viz., mamary carcinoma, * 
lymphoma, lymphosarcoma and sarcoma 180, have 
been investigated. Phosphorus intake per gm. weight 
of tissues of mouse as a whole, is found to be the 
same for nonnal and lymphomatous animals. The 
activity per gm. of tumor tissues is found to be 
higher, ihe excess deposition of radio-phosphorus in 
the tumor being at the expense of that in bone and 
liver. The phospholipid turnover in the tumor 
tissues shows a great resemblance to that of live 
tissues like liver or kidney. In all such cases the 
amount of labelled phosphorus deposit rises quickly 
to a maximum within a few hours of application and 
then the activity diminishes rapidly. Per gm. weight, 
the activity of the liver is several times greater than 
that of any of these tumor tissues examined. 

Blood counts of the chicken fed on diet contain- 
ing P®* show a decrease in polymorphonuclear 
leucocytes without affecting lymphocytes. Since bone 
marrow produces the polymoriihonuclears, a decrease 
in their number may be explained to be due to the 
action of selective irradiation from radioactive 
phosphorus deposited on the bones. 

Selective accumulation of radio-phosphorus in 
nuclei of rapidly growing cells has encouraged its 
use in leukemia and allied diseases. Kadio-phosphorus 
is applied by weekly intravenous injection and a 
radioactive level of the whole system is maintained 
at about 5 millicuries. Most encouraging results have 
been obtained with polycythemia vera and multiple 
myeloma. In leukemia, Hodgkin’s disease and 
lymphosarcoma the response seems to be similar to 
that of X-rays. Experimenting with radioactive 
phosphorus and leukemic mice Lawrence and Scott 
have come to the conclusion that in the case of 
leukemic mice bones ao not retain as much phos- 
phprus as in normal ones. In other words, there 
is .something wrong in phosphorus metabolism in 
leukemia. 

Another intcre.sling application of radiophos- 
l>horus has been in the study of insect metabolism. 
Selective accumulation of radioactive substances in 
different organs of the insect can be studied very 
conveniently with the auto-radiograph technique. 

Radioactive Calcium ^nd Strontium 

Radioactive calcium ‘(Ca^®, half-life 180 days) has 
been prepared by tembarding calcium with the 
deuteron beam from the cyclotron. The active por- 
tion is scraped off from the target, freed from con- 
taminations of radioactive scandium and then finally 
obtained as carbonate after repeated precipitations as 
oxalate. Radioactive calcium, however, can only be 
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obtained in small amounts and emits very feeble beta 
rays. Pecher has shown that it is much more con- 
venient to use radioactive strontium in the place of 
radioactive calcium in tracer experiments, as the 
chemical similarity of the two elements also 
corresponds with a similarity in their physioloyjical 
metabolism. Radioactive strontium (Sr**) has a 
convenient half-life of 55 days, can be prepared in 
relatively large amounts and emits beta rays of 
maximum energy 1*5 million electron volts. 

Radioactive calcium and strontium lactate arc 
injected intravenously to mice. At different periods 
after injection, the animals arc killed and radioactivity 
of bones, soft tissues, uterus etc., measured. Tt is 
found that the uptake is 3 times as great when 
calcium is applied intravenously as that after oral 
administration. No significant differences appear 
when .strontium is given cither in chloride, lactate or 
gluconate form. 58% of the calcium and 33% of 
strontium are recovered from the Inmes 24 hours after 
intravenous injection. Activity of the soft tissues is 
found to be negligible. The uptake of calcium is 
greater tlian that of .strontium, but the distribution 
of activity amongst different organs is almost 
identical. The following table due to Pcclicr indi- 
cates the percentage uptake of radioactive calcium, 
strontium and phosphorus by different organs, 24 
hours after intravenous injection of radio-calcium 
lactate, radio-strontium lactate or sc^dium radio- 
phosphate. 

• TABLE II 


Radio- 

Percentage of 

Dose per (Irani 

1 Wet Weight 

element 

Bone 

Mu.scle 

Skin 

Hair 

Dig. 

tract 

Liver 

Other 

visi*era 

Ca« 

22 

33 

•20 

•36 

•12 

•23 

Sr*» 

12 

•17 

•15 

•23 

•07 

•13 

P” 

5-2 

1-4 

•75 

1-3 

3-0 1 

2-1 


Autoradiograph techni(iue has been largely used 
to study gross distribution of radioactive substances 
in plant and animal tissues. After the radioactive 
substances have been applied and absorbed by fhe 
tissues, a thin section is cut and placed on the photo- 
graphic film. The beta-radiation from the radioactive 
substances affects the photographic plate, the intensity 
of which is proportional to the amount of radioactive 
substances concentrated there. The following photo- 
graphs due to Hamilton, show the difference in 
distribution of ab.sorbed radio-ijhosphonis and radio- 
strontium in rat tis.sues. It will be seen that while 
radio-strontium is mostly concentrated in bones, 
radio-phosphorus is also taken up by the soft tissues. 

It has been observed that the activity of the 
bones increases during the healing of a fractured 


bone. The activity of radioactive calcium in the 
healing tibia of a rat is found to Ixj 1*7% compared 
with 0*4% in the other. 



I'lG. 7. Autoradiograph of rat tissues after .ibsnqnion of 
radioactive phosphorus and radioaeiive stroiitiuiii. showing 
characteristic differences in the mode of dislrihulion of the 
two radio-elenienls.* 

A large fraction of the calcium previously fixed 
on the bones of the mother, migrates to the foetus 
during the last days of pregnancy and also to milk 
during the lactation period. The specific activity of 
the bones of a new l)orii mice is found to be about 
twice a.s great as the activity of the bones of the 
mother. If radio-strontium is given during the lacta- 
tion period, a large part of the dose may be recovered 
from the offspring after two days. Pecher found 
that almost eight to ten i)er cent of the injected 
radio-strontium could be recovered from the milk of 
cows during the four days following the injection. 

The selective fixation of radio-c.alcium and radio- 
strontium on growing bones including bone tumors, 
suggests important therapeutic applications. It 
remains to be seen whether these substances prove 
to be of importance in the treatment of osteogenic 
sarcoma, giant cell tumors, and metastatic bone 
tumors. 

An interesting by-product in the preparation of 
radio-.strontiiiin is radio-yttrium (Y**, half-life 87 
days). This is produced in very large intensities 

^Photographs by the courtesv of the Joiirual of Applied 
Physics. 
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when stable strontium (Sr**, 8a %) is bombarded with 
deuterons according to the following reaction 

13 ingnis radium-equivalent of yttrium are prepared 
per inilliainpere-hour of the deuteron beam. Radio- 
yttrium emits a large amount of gamma radiation 
(maximum energy 2 million electron volts), and may 
be used in the place of radium as gamma ray source 
and has also possibilities in radiography. 

Radio-Iodine 

Radio-iodine (T'*\ half-life 8 days) has been used 
by Hamilton and Soley for studying iodine meta- 
1x>lism in normal subjects as well as in persons 
sulTcring from various thyroid disorders. The radio- 
iodine is prepared by bombarding 1-2 gms. of metallic 
tellurium with the deuteron beam. The bombarded 
tellurium is then dissolved in nitric acid and radio- 
iodine separated by distillation. The iodine may be 
administered orally as Nal dissolved in water. 

The activity of the samples used in such experi- 
ments usually varies from 12-50 microcuries. The 
rate of accumulation of iodine by the thyroid is 
measured with the help of a Geiger Muller counter 
placed close against the gland. The accumulated 
radio-iodine emits gamma rays which are easily 
detected by the counter. This method has the great 
advantage over all the chemical methods in that the 
thyroid need not be removed, the measurements may 
be carried out in silu and the rate of accumulation of 
iodine followed from day to day. The radioactive 
method requires fewer subjects, is less time-consuming 
and can be applied to human patients. The excretion 
of iodine through urine and faeces can be investigated 
in the u.sual way by mea.suriug the activity of these. 

These experiments reveal that iodine accumulated 
by normal thyroid, reaches the maximum equilibrium 
value within two days of its application. This 
equilibrium value (4-5% of administered I) is main- 
tained for several weeks afterwards. Non-toxic 
goitres with normal metabolic rates, show iodine 
uptake of the same nature but with a higher equili- 
brium value of TO-12%. In the case of thyrotoxicosis, 
the rate of iodine accumulation may be very high 
reaching a peak value of 12-30% of the administered 
iodine within 4 hours of the application. But the 
thyroid in such cases is unable to retain the 
accumulated iodine ; the amount of radio-iodine drops 
to 1/2 to 1/5 of the maximum value within 24 hours. 
In the case of hypothyroid children without goitre, 
the uptake of iodine by the thyroid is found to be 
vanishingly small (‘05 per cent). In some of the cases 
investigated, the subjects subsequently underwent 
thyroidectomy and the amount of accumulated iodine 


was estimated by direct measurements. The* two 
measurements agreed within 10%. 

The experiments indicate that while radioactive 
iodine may be of value in the treatment of thyro- 
toxiosis, it is not likely to be of use in the malignant 
diseases of the thyroid, as cancerous thyroids do not 
seem to possess the ability to accumulate iodine to 
a great extent. 

A point of great interest in this connection is the 
discovery of the missing element 85 which is a 
homologue of iodine and is named eka-iodine. It is 
found to be radioactive with half-life of 7*5 hours and 
emit < -rays. The clement 85 is selectively ab^rbed 
by the thyroid in the same way as it absorbs iodine 
but to a much lesser extent. However, although the 
physiological properties of element 85 and iodine are 
similar, the former emits < -rays of average energy 
of 4 million electron volts while radio-iodine emits 
^-rays and y-rays. The ionizing action of < -rays is 
confined to regions very close to the source and that 
of y and i^-rays is spread over comparatively larger 
volumes. The element eka-iodine is therefore likely 
to be of great value in diseases of the thyroid. 

RADioAcrrivE Sodium, Potassium, CHixmiNE, 
Bromine 

Radioactive sodium (Na®*, half-life i4‘8 hours) 
may be obtained very conveniently by bombarding 
common salt with deuterons. Both radio-sodium and 
radio-chlorine are produced, but the radioactivity of 
chlorine dies out so rapidly (half-life 33 min.) that 
after about 24 hours we are left with labelled sodium 
chloride, of which only the sodium atom is radio- 
active. The radioactive salt may then be injected or 
applied orally cither in an a(]ueoiis solution or in a 
capsule. 

In one experiment a person held a Geiger 
counter by the hand which was protected by Pb on 
all sides, so that radiations from the radioactive salt 
present in the body could not aflFect the Geiger 
counter. The person drank a solution of the radio- 
active salt in water. Na*Cl, K*C 1 , LiCl*, KBr*. and 
Nal* were used in similar experiments. In every 
case the counter began to respond within 5 
minutes after the solution was drunk, showing 
that marked atoms are absorbed in the blood stream 
and reach the fingers within such a short time. The 
activity of the fingers increases steadily and reaches 
the maximum eciuilibrium value within 3 hours. 
There is not much difference in the rates of absorp- 
tion of radioactive .sodium, chlorine, bromine or 
iodine, only potassium' is found to be absorbed rather 
slowly. 

If radioactive sodium is applied by injection, 
sodium is found to reach a constant level in blood 
within 15 to 20 minutes of its application. Subse- 
quent fate of sodium within the human system can 
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be investigated by measuring the activity of samples 
of blood, urine, spinal fluids, sweat, etc. with the 
help of a Geiger counter. A very small quantity of 
the radioactive sample (about millicurie) is suffi- 
cient for such experiments. Very little sodium is 
found to enter the blood corpuscles although there is 
plenty in the spinal fluid and blood plasma. 

Radioactive sodium and potassium ions have 
been greatly used in e.xpcriments on cell permeability. 
After intravenous injection of Na“* and to rats 
it is found that the radioactive isotopes disappear 
quickly from the plasma. Subsequent analysis of the 
tissues enables one to determine the relative 
permeability of the various tissues. Liver, gastro- 
intestinal tract, kidney and heart show a rapid ri.se 
and subsequent fall in activity with peaks delayed by 
different amounts. Skin, muscles, tests, brain etc. 
show on the other hand a very slow rate of uptake 
compared to the former tissues. 

RADioAcnvK Iron 

Radioactive iron (Fe'®, half-life 47 days) may be 
produced by bombarding normal iron with the 

deuteroii beam. Radio-iron decays with a half life 
of 47 days emitting p and v-rays as shown in table 1. 

Radio-iron has been extensively used to investi- 
gate the rate of synthesis of hemoglobin in normal 
animals as well as in those animals which have l)cen 
made anemic by repeated bleeding and feeding on 
a low-iron diet. Iron may be introduced orally in 
the form of ferric salts, blood .samples are collected 
at various intervals after the application of radioactive 
iron and hemoglobin separated. A measurement of 
its radioactivity indicates the proportion of iron that 
has been synthesized into hemoglobin during the time 
of the e.\]jeriiiient. The experimental animals may 
al.so be sacrifled at various intervals after the appli- 
cation of radio-iron and the activities of the li.ssues 
measured with a Geiger counter. 

It is found that the site of the greatest absorption 
of iron is the small intestine and that the rate of 
absorption is fast in anemia and slow under normal 
condition when the reserve of iroir is ample. When 
the body tissues have been previously dei)leted of the 
iron reserve, by continuing anemia for three or four 
weeks, the uptake of radio-iron may be as great as 
fifty times as in normal animals. Plasma is the 
means of transport of radioactive iron. It is found 
that the absorbed radio-iron is first present in the 
plasma and then fixed in the hemoglobin of the red 
cells. Radioactive iron may apviear in the red cells 
within an hour of feeding iron contained diet ; 
the peak of absori)tion in anemic dogs occurs 
within 4-8 hours after feeding and the absorption is 
[Jractically comidete within tS hours. The muscle 
tissues appear to be the storage depot for iron, 25 per 
cent, of the administered iron being accumulated in 


the muscle tissues of anemic dogs and 14 per cent, in 
the blood. The rates of elimination of iron in 
normal and anemic dogs arc however not much 
different, this seems to indicate that the iron level 
is controlled not by its elimination as was previously 
believed but by its absorption. 

The amount of iron secreted in tlie milk of cows 
fetl on an iron-containing diet may also be measured 
by the sainc tcchnifiuc. It is found that a cow giving 
four litres of milk i»er day secretes on the average 
about o’ 5% of the administered oral dose of to gms. 
of iron. This corresponds to about 12*5 ingnis. of iron 
per litre of milk which is (|uile sufficient for a 
growing child consuming a litre of milk per day. 

Radioaciivis Si:i,i*iTUR AND Ar.sknic 

Radioactive Sulphur half-life 87 days) emits 
l)cta rays of very low energies (maximum energy 
about million electron volts). vSiTccial types of 
beta-ray counters are needed for their detection. 

Most ]>roteins contain one or more amino acids 
containing sulphur. Radio-sulphur has been used in 
the study of protein metabolism. After feeding 
methionine containing radioactive sulphur to hens, 
sulphur®'* is detected in the egg white on the second 
day, its concentration reaches the maximum value 
on the fourth day. Similarly after administration of 
methionine containing radio-sulphur to rats, it is 
possible to isolate cystine containing the radioactive 
isotope from the hair and tis.sucs of experimental 
animals. 

Vitamin H,, synthesised from radio-suli>hur has 
been injected intramuscularly to human subjects 
and its storage, excretion and ulilisation studied. 
Presence of radioactive sulidiur in inorganic form in 
the urine, indicates that the injected lliyamin is 
rapidly destroyed in the human .system (to% of the 
injected amount destroyed every 24 hours). When 
a person is on normal diet 61% of the injected 
thyamin can be recovered from the urine, ti% from 
the feces during a period of 3 days following injection. 

Radioactive arsenic (aaAs^*, half-life 16 days) 
may be prepared by subjecting stable arsenic (asAs^*', 
Too%) to neutron bombardment. 

Pota.s.sium arsenite containing radioactive arsenic 
As^* has been injected in 4 daily doses to albino rats, 
guinea pig.s and rabbits and the arsenic content of 
liver, kidney, spleen, brain etc. determined. During 
life, daily blood arsenic determinations are also done. 
The higliest concentration of arsenic in the case of 
rats seems to be in blood, the measurable amount 
being confined to red corpuscles. Maximum concen- 
tration occurs 24-48 hours after last injection and at 
this time the total As in blood amounts to 50-60% 
of the amount injected. Spleen shows the highest 
and kidney the lowest concentration of arsenic. 
Radioactive arsenic has also been injected to 



226 


SCIENCE AND CULTURE Vol. X, No. 6 


human subjects at the rate of 1*5 mgni. per day for 
4 days. It is found that about 50% of the injected 
daily dose is daily eliminated, 99% of the elimination 
is via kidney. However no arsenic could Ijc deirioiLS- 
trated in the blood cither in normal or leukemic 
subjects. 

iNVE.STIOATlONvS IN PUNT PhySIOI/)GY 

The earliest experiments with the radioactive 
bodies as tracers were carried out by Hcvesy (1923) 
on plants using ThB and PaD to trace the fate of 
lead in plants. Since the discovery of artificial radio- 
active bodies, radioactive isotopes of many common 
elements have been used as tracers in place of iiatnrul 
radioactive substances. 

In these investigations intact plants are kept 
rooted in nutrient .solutions containing minute doses 
of radioactive salts (c.g., radioactive phosidiorus may 
be applied as o‘5 per cent, solution of KHoPOJ. The 
upward and lateral ■ movement of the salts can then 
be studied by examining sections of wood, bark etc., 
cither with a (Iciger counter or an electroscope. Such 
experiments indicate that wood is the vehicle of rapid 
uiiward movement of both anions and cations 
assimilated by the roots and that the ions move 
radially from wood to bark at a comparatively slow 
speed. It is also observed that there is a downward 
motion of the assimilated ions. 

The autoradiograi)h tcchiikiue described above 
has also been used in these investigations with a 
great deal of success. The following figure shows 
the distribution of radio-phosphorus in the leaves of 
a tomato plant removed 36 hours after the applica- 
tion of radio-phosi)hatc to the nutrient solution. 

These radiographs show that the green fruits and 
I>arlicularly the .seeds of the green fruits concentrate 
pliosi)horus to a marked extent. 

The exchange of ions by the living protoplasm 
has also been invested with the help of radioactive 

4 + + - ■ 

tracer ions of K, Na, Rb, Br, and HPO.,. It is 
observed that these ions enter the cells by interchange 
with other similar ions (Na with Na, K, hydrogen 
or organic base.s) resulting from metabolic processes. 
By temporarily associating with the radicals of the 
protoplasmic protein molecules, the elements travel 
from one molecule to another until they reach the 
vacuole. The e(iuilibriuin thus becomes a dynamic 
phenomenon. 

A groat deal of work on phptosyntlie.sis has been 
carried out with the short-lived radioactive carbon 
i.sotoixj C". Carbon has a half-life of only 20*5 
iiiinutes and emits positrons of about one million 
electron volts maximum energy. Carlx)n has also 
another radioactive isotope of very long life (C**, half- 


life 1000 years) which is produced by the bombard- 
ment of nitrogen by neutrons. 



I'lG. 8. Autoradiograph of ilie leaves of a loinalo plant 
grown in a nutrient solution containing radioactive 
phosphorus. 

In the experiments of Ruben and Kamen the 
gas from the target chamber is passed over heated 
cupric oxide and carbon dioxide coiilainiiig radio- 
active carlx)n is collected in a U-tube immersed in 
liquid air. For expcrimciils on photosynthesis 
unicellular green alga chlorclla is exposed to COg, 
the system is then evacuated and an aliquot of the 
algal suspension removed and te.stcd for reduced 
carl)on. 

Ruben and his coworkers find that the alga and 
green plants are definitely able to fix carbon dioxide 
in the complete absence of light. Diffusion experi- 
ments indicate that the first stage in the fixation of 
COj is its reduction to a carboxyl acid group and 
that this is a rcvcnsible process. The uptake is very 
rapid at first but at the end of an ‘hour, equilibrium 
is established. The dark reduction process is believed 
to be of the following type 

RH+CO,;f=^RCOOH 

Here R is a large molecule. In the absence of light 
no further reduction probably takes place as all radio- 
active carbon appear to be in the carboxyl group. 

The reduction of COa in the presence of light 
seems to be non-reversible, the rate of uptake of 
radioactive carbon being the same throughout the 
experiment. Only a small iraction of labelled carbon 
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16 found in the carboxyl radical. The light reduc- 
tion of carbon dioxide is probably a process of the 
following type 

RCOOH + HaO f hi^ >KCHaOH + 

KCHaOH molecule may then take up further 
This mechanism of photosynthesis is at variance with 
the classical ideas. Further these experiments reveal 
that non-photosynthetic organisms e.g., yeast cell, 
D.Coli, rat liver cells etc., also have the capacity 
to reduce carbon dioxide. 

The radioactive nitrogen (N”, half-life lo min.) 
has been used to investigate the problem of nitrogen 
fixation by plants. Charcoal is bombarded by the 
deuterons in a gas-tight chamber and the gas from 
the chamber is passed over heated ciiiiric oxide into a 
desiccator containing barely plants, the roots of which 
have been prcviou.sly removed in order to exclude 
bacteria. For control, other barley plants killed by 
boiling water arc kept side by side with the living. 
These experiments indicate definitely that nitrogen 
can also be fixed by the barley plants. The exi^cri- 
ments are of great interest as there is a good deal of 
controversy regarding the fixation of nitrogen by the 
non-leguminous plants. 

In this article only a very brief account is given 
of the important results obtained with this fascinating 


technique of radioactive tracer analysis. This new 
method of ai)proach to complicated biological i>rob- 
lems seems lo be the most promising since the 
discovery of tlic microscope. The immcn.se possibili- 
ties of this new method have been long realised in 
America, the birth idace of the cyclotron 7 Many 
philanthropic bodies and re.search foundations have 
made special endowments to universities and labora- 
tories for carrying on specially work of this nature. 
Mention may be made of Rockefeller Foundation, 
Carnegie Inslitnte, National Research Council, 
Chemical Foundation, John and Mary Markle 
Foinulation, Jane Cofiln Childs Memorial Foundation 
etc. among many others. All cxi^eriments described 
alM)ve have been carried out with financial assistance 
from one or the other of these research foundations. 

In this country we had the good fortune to 
start this important line of investigations with finan- 
cial grants from two of the leading industrial houses 
of India vh., the Tatas and the llirlas. Without their 
generous help this work could not have been under- 
taken. We hoi)e that in onr work in future we shall 
continue to receive the same symj)alliy and a.ssistancc 
from the public as we had in the past.* 

• My thanks are due lo Prof. M. X. Saha, I'.R.S., and 
Dr B. I). Njig Choudhnry for ninny useful fritirisins of this 
rq)ort. 


FERTILIZER INDUSTRY IN INDIA 


TNDIA is a country where 8o per cent of the popu- 
■ latioii arc dependent directly or indirectly on 
agriculture. Vet she is not self-sufficient as regards 
foodstnfT even on a very low standard of diet. 
Before the war, we used lo import about 2 million 
tons of rice from Burma, Indo-China and also a 
large (piantily of wheat from Australia. Partial 
failure of rice-crops and stopiiage of supidy from 
Burma led to disastrous consequences in Bengal last 
year. The Government of India and the public are 
therefore anxious that production of cereals should 
be so increased in the country as to ensure food to 
all not only on the existing low standard of -diet but 
on a somewhat higher level considered adequate by 
exiierts on nutrition. The Bombay Plan of economic 
reconstruction aims at increasing agricultural income 
by 130 per ccnt._ Government’s present plan is, how- 
ever, far less ambitious. As envisaged in the recent 
report of Dr Burns, a 30 per cent increase in produc- 
tion is urgent, and there is no reason why it should 
not be achieved even in w^ar time as a result of the 
grow-inore-food campaign. 


Nkkd for Syntiiktic Fkrtii.i/.krs in India 

As an illustrative example, we shall take the 
most im])ortant ff)od crop-rice. We grow on an 
average 28 million tons of rice in an area of 76 million 
acres, about 750 lbs. per acre. This is the most 
depressing fact about our agriculture. In I'.S.A. the 
average production is 1500 lbs. and in Japan 2300 lbs. 
per acre. This is mainly due to lack of water and 
manure. The agricultural cxi)erts arc convinced that, 
given ample water and ample manure, rice yields 
can be forced very much higher, 'riiere are indeed 
some well-managed farms in Coorg which is so near 
to us, where a yield of 3000 lbs. per acre is not un- 
common. The statistical average of all manurial 
exiit^rinients carried out all over India between 1933- 
1939 indicates that 80 lbs. of ammotiiuin sulphate 
applied per acre to land containing sufficient humus 
incrca.ses the production of paddy by 280 lbs. which 
is equivalent to 210 lbs. of rice, i.c, roughly 30 per 
cent increa.se in»prc.scnt production. If ammonium 
sulidiatc is given along with super phosphate, the 
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yield is generally higher. At pre-war prices of 
atninonitiin sulphate, paddy and straw, the increased 
net profit per acre was Rs. 7/- (ainmoni 11111 sulphate 
to cultivator Rs. 200/-, paddy Rs. 2-4 for 80 lbs., 
and straw 4 annas for So lbs.). If the price of 
aiiiiiioniuni sulphate to cultivator remains the same, 
Rs. 200/-, the increased profit per acre at present 
juices will be far greater-— about Rs. 28/-. 76 million 
acres of rice lauds in India will require annually 
about 2*55 million tons of ammoniuni sulphate in 
order that we may reach our target of production 
which is 36 million tons of rice, (lovcrninent of 
India hojies to establish factories under State auspices 
which u'ill produce 350,000 tons of ammonium sul- 
phate by June 1946. It is also hojied that once this 
flovernmcnt cnteriirise is successful, private enter- 
I)rise will be soon forthcoming to j)ro<luce the balance 
required, i.e., 2'2 million tons of ammonium sulphate. 

In 1938-39, India iinjwted 76,000 tons of 
ammonium sulphate from Great Britain, the cost at 
])ort being Rs. no/- per ton. There is something 
thoroughly rotten in a distribution system which 
exacted from the cultivator Rs. 200/- per ton as re- 
tail price. With this experience, one cannot be too 
alert about consumer’s interest. There is no reason 
why the j^rice to the consumer should exceed the 
factory price or the price at port by more than 10 
l)er cent plus the cost of additional tran.sport. 

In 1938-39, the internal production of ammonium 
.suljihate was only 25,000 tons. This was obtained 
from the coal distillation industry of Behar and 
Bengal as a by-product. On distillation of coal to 
form coke, nitrogen of the coal is released in the 
form of ammonia, which is removed from the coal- 
gas by scrubbing with sulphuric acid. Those in- 
tereste<l in the details of the process develojx'd in 
India may read the interesting memoir of Wilson 
Haig, General Manager of the Bararee Coke Gven 
Co. 

Fkrtiijzkr Industry in Mysore 

It is to the Government of My.sore that we owe 
the establishment of the first synthetic ammonium 
sulphate factory in India. The factory in Mysore at 
Belagula .started producing 5 tons of ammonia per 
day since 1941. The sulphuric acid plant can pro- 
duce 27 tons of suljdiuric acid per day ; the total 
capacity for production per year is 7000 tons. We 
.shall only outline the broad features of the proce^ : — 
The manufacture of ammonium sulphate consists 
firstly of the manufacture of ammonia by interaction 
of nitrogen with hydrogen and then, the conversion 
of ammonia into ammonium sulphate. In Mysore 
(Belagula), the hydrogen is obtained by electrolysis of 
caustic soda solution using nickel plated anodes. For 
I ton of ammonia we require 2250 cu. metre of 


hydrogen gas. We also require 750 cu. metre of 
nitrogen gas, which in Belagula is obtained by burn- 
ing 380 cu. metre of hydrogen in 940 cu. metre of air. 
We thus require 2630 cu. metre of hydrogen and 940 
cu. metre of air for the synthesis of i ton of ammonia. 
Taking into consideration losses and impurity of 
oxygen in hydrogen, we require 2700 cu. m. which 
will consume 15,200 kWh D.C. power. The mixture 
of nitrogen and hydrogen is compre.ssed to 300 atoms. 
I>erfectly dried and freed from impurities and passed 
tlu-ough converters of special steel containing more 
than a per cent chromium, which contained the cata- 
lyst. The catalyst is obtained by fusing from oxide 
and then impregnating it with promoters like 
AlaOj and K^O. The coolc<l mass is broken to re- 
quisite grain size, and porous but rugged structure is 
obtained by reducing in a current of liydrogen at 
about 5oo®C. This catalyst at a space velocity of 
40,000 cubic feet per hour per cubic feet of catalyst 
will give about 16 per cent conversion into ammonia. 
The converter is so designed that under these condi- 
tions, the heat of reaction maintains the catalyst at 
about 48 o®C. The ammonia is removed by refrigera- 
tion which in general commercial practice amounts 
to 80 per cent of the ammonia i)reseut. The un- 
combined gases containing the residual animouia is 
recycled. Auxiliary power nece.s.sary for compres.sion 
and other pun)oses amounts to 1300 kWh i)er ton 
of ammonia. The cost of jnoduction of ammonia 
per ton may be e.stimated thus : — 

16,500 kWh at % anna ... R.s. 260 

Cost of reptiir and maintciiancti „ 10 

Salaries and wages ... „ 5 

'Polal R.s. 275 ja^r Ion 

If kWh costs i/iotli of an anna, the cost be- 
comes Rs. 18/- i)cr ton. 

This is exclusive of depreciation charges which 
are very heavy and intere.st on capital iuvestetl. If 
A.C. power in bulk is already available in factory 
site, as was the case in Mysore (Belagula) the capital 
cost per ton year of ammonia would be Rs. 500/-. 
Taking depreciation at 15 per cent and interest at 5 
|)er cent , the running cost of production has to be 
increased by Rs. 100/- per ton to give the fair selling 
price of ammonia ex-factory. 

In Mysore (Belagula) sulphuric acid is manufac- 
tured by burning sulphur vapour with air to SOa and 
passing SO2 with excess of air over VaOa catalyst in 
a converter which is maintained by the lieat of re- 
action at about 500!®. There is complete conversion 
into SOa which is dissolved in 98*3 per cent HaS04 
to give fuming sulphuric acid. This is continually 
diluted with requisite water to maintain constant the 
strength of sulphuric acid. The advantage of the 
])roccss is that it is practically continuous and auto- 
matic and requires only equipment made of iron. 
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The capital cost of a plant is Rs. 50 per ton year, 
and the fair selling price of sulphuric acid at factory 
should not be more than 40 per cent of the cost of 
pure sulphur and Rs. 20/-. If sulpliur is purchased 
at Rs. 100/-, sulphuric acid should sell at Rs. 60 ; if 
bought at Rs. 200/-, the acid should sell at Rs. 100/-. 

Ammonium sulphate is obtained in the crystalline 
solid state by combination of ammonia with sulphuric 
acid in the ratio approximately of i :3 by weij^ht. 
The fair selling price of anunonium sulphate per ton 
should be J(th that of anvnoiiia that of sul- 
phuric acid + Rs. 5 as processing cost. Taking the 
higdier values Rs. 375/. and Rs. 100/-, the selling 
price of ammonium sulphate should be Rs. 175/- per 
ton. Taking the lower values 218 and 60, the selling 
price ex-factory is Rs. 105/- per ton. 

Manupactukb of AM^roNiuM Sulphate in 
Travancork 

We owe to the Government of Travancore the 
next advance in our synthetic fertilizer industry. The 
State is densely ])opulatcd and only iiroduces 40 per 
cent of its food reciuireinents. It is the deliberate 
policy of the State to increase food-production to at 
least 60 per cent of its reciuireinents. The vStatc 
possesses several advantages. There are tropical 
monsoon hard wcxxl forests which can be regenerated 
in a cycle of 30 years, and it is estimated that too 
tons of charcoal containing 75 per cent fixed carbem 
could for ages be delivered at a factory site (near the 
Alwaye Railway vStation) at a cost not exceeding 
Rs. 30/- per ton. There are extensive deposits of 
gypsum of 85 per cent purity in Trichinopoly which 
can be carried by rail (to Alwaye) and delivered at 
factory at a cost not exceeding Rs. 15/- per ton. It 
is not at all difficult to wash this gypsum off its 
clayey matter and raise the purity to 05 per cent. 
Klcctric powder in bulk can be had from the Pallivasan 
Hydro-electric Station at i/sth an anna per unit. 
Alwaye is within 25 miles by rail of the magnificient 
Cochin harlwur and al.so has waterways which are 
extensively used by cheap country craft transiwrt. 

The method of making hydrogen by the action 
of carbon on steam is far more com])licated than 
simple electrolytic preparation. The standard method 
consists of two processes: — 

(1) Blowing air over a bed of coke and raising 
the temperature to 1200® by the reaction 
(C+Oa-->CO,+96 Cal.) 

Then passing steam over hot coke and getting 
water gas, CO + Ha, according to reaction 
(C+IlaC>-->CO + H,-i9 Cal.) 

Steam is stopped as soon as the temperature of 
coke bed falls to 900^ and then air blown in and the 
cycle repeated. 


(2) The second stage consists in converting 
carbon monoxide of water gas by interaction with 
.steam to carbon dioxide and hydrogen 

(CO+lI/>->COa + Ho + 8 Cal.) 

This is done in presence of catalyst at tempera- 
ture of 500®. 

The total reaction is therefore 
(C+2Haa->C(L I 2Ha.) 

In actual practice, water gas is mi.xcd in suitable 
proportions 3 : 3 U’ith i)rodiicer gas which is obtained 
by passing moist air over heated coke and has the 
composition Na = 5i per cent., CO = 26 per cent, 11,= 
14 per cent and Cn^—Q per cent. 'I'he mixed gases 
having the average composition 23 per cent N*, 70 
per cent CO + II2 and rest COo, hydrocarbons etc. 
are passed through water gas converter chamber 
which gives a gas mixture containing and in 
the ratif? of 3:1 and considerable (piantity of CO,. 
This COa is removed by high pressure scrubbing with 
water. We shall soon see that this COa recovery is 
essential in the manufacture of ammonium sulphate 
with the aid of gypsum. 

In the process that will be adopted in Travancore, 
this separate prcparaiion of water gas and producer 
gas and then mixing them together in the recpiisitc 
proportion will be avoided. 'I'lie only reason why 
water-gas is made by a discontinuous alternate blow 
and run process is that ordinary metallic convertors 
cannot stand the extremely corrosive action of steam 
and CO at 1100°, and hence furnaces lined with fire 
bricks had to be used which cannot be economically 
Jieated by external firing. The American engineers 
now claim to have developed suitable alloys which 
can stand this severe corrosive action ; and it is in- 
tended to gasify with rcf|uisile steam and air 57 tons 
of charcoal every day in such alloy tubes externally 
heated with powdered charcoal. Standard methods 
will be adopted for the purification of Nn and II* 
mixture licfore they enter the catalyst chamber at a 
pressure of 300 atmos. and 475®C. 

The ammonia converter at Travancore will differ 
from that at Belugula in that its capacity will be 8 
times larger and that it will not lie forged from a 
single alloy steel cylinder. It will have a laminated 
structure with several concentric cylindrical forgings 
pressed one over another to give it the rc<iuisitc 
.strength. The subseciucnt stages in the manufacture 
of ammonia is the same as that at Helagula. 

There will be a marked difference, however, in 
the manufucturc^of ammonium sulphate. Instead of 
allowing ammonia to react with sulphuric acid, a 
mixture of ammonia and carbon dioxide in cciuivalent 
proportions will be iiassed through a suspension of 
very finely powdered gypsum in water. 

2NH3 + COa + CaS04 + HaO->CaCO, + (NH4)a VSO4 
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In this process, the conversion is complete and a 
solution containing 35 per cent by weight of ammo- 
nium sulphate can be obtained. It is interesting to 
note that C()2 obtained in the water gas conversion, 
if recovered, is sufficient for carrying out this re- 
action. Hence the gypsum process is always associat- 
ed with the manufacture of hydrogen from water gas. 
If, as is anticipated, CaS(.)4 of 95 per cent purity is 
used for this process, the calcium carbonate sludge 
cati be used for tlie manufacture of cement in an 
associated cement factory. In the Travancore factory, 
the sulphate making plant will consist of the follow- 
ing units:— One carbon dioxide recovery unit, one 
ammonia vaporising unit ; one rotary reaction unit, 
filters, evaporators, crystallizers, gypsum grinding 
equipment and bagging plant. 

The factory will have to be supplied with 5500 
KW of electric jmwer at a continuous load. 

It has been estimated that the capitaf cost for 
this factory which will produce 40 tons of ammonia 
per day and hence 160 tons of aiiinioniuin sulphate 
will cost 17 crores of rupees, i.c., Rs. 300/- approxi- 
mately per ton of amnionium sulphate produced in 
a year. This is rather oii the high side, as the pre- 
war cost was of the order of Rs. 200/- i^er ton year. 
It is difficult to forecast the economics of the process. 
The Imperial Chemical Industries for their 250,000 
ton plant at Billingham obtain coke at Rs. 25/- per 
ton and gypsum at about the same price. On this 
basis they could land ammonium sulidiate at an 
Indian i)ort at Rs. no/- per ton. It is probable that 
the fair selling iiricc of ammonium sulphate ex- 
factory (at Alwaye) will be about Rs. 90 — 100 per 
ton. 

Tkciinicai, ^Fission on Fkrtiuzisrs 

The Government of India liavc invited a Com- 
mittee of cxi)crts to come from England and advise 
them on a site or sites suitable for i)utting up 
ammonium sulphate plants which will produce in the 
aggregate 300,000 tons per year^ and also recom- 
mend the most economical process for adoption in 
British India. The Mission came to Bangalore some- 
lime ago. As far as could be judged, they would 
recommend practically a duplication of the Billitigham 
plant in the coal fields of Behar and Bengal so far 
as the production of ammonia is concerned. Wlicther 
this ammonia should be converted into ammonium 
sulphate by sulphuric acid or by gypsum is not yet 
settled. The extensive gypsum deposits of India arc 
in Rajputana and arc at a distance ^ 1300 miles from 
the coal fields. It may be cheaper to iiianufacturc 
sulphuric acid from imported sulphur pyrites and 
use it for making ammonium sulphate. 

Some of the Indian technologists liavc urged the 
Mission not to use coke for making hydrogen but to 


use cheap non-coking second class coals, in view 
of the imperative need of conserving our slender re- 
sources of coking coal for metallurgical purposes. 
Pointed attention has been drawn to the remarkably 
efficient processes that liave been developed in 
Germany for making water gas from lignite which 
have brought down by 33 per cent the cost of pro- 
duction of hydrogen. It has also been urged that if 
American engineers could use charcoal containing 
30 per cent volatile matter for making water-gas in 
Travancore, there should be no difficulty worth men- 
tioning, in using cheap* non-coking coal of Bengal 
•nd Behar for the same purpose. The plant in the 
coal fields will have one great advantage ; coal can 
be had there at Rs. 4 — 5 a ton as against Rs. 20/- 
per ton of charcoal in South India. But this advant- 
age may be counterbalanced by costlier labour and 
transiwrt charges to consumers' centres. 

Ammonium Nitrate as Fkrtiijzer 

Ammonia is a key industry as nitric acid .is now 
manufactured exclusively by the oxidation of 
ammonia. Nitric acid is the basic chemical for all 
modern explosives, and its manufacture has increased 
enormously during the last five years. The pos- 
sibility of keeping these nitric acid plants active in 
peace time is engaging the serious attention of 
chemical technologists in every country. Nitric acid 
can be made to combine with ammonia to give the 
solid salt of ammonium nitrate. Bo far as i>roviding 
food to plants is concerned, nitrogen fixed as 
ammonium nitrate has the same property as that 
fixed as ammonium sulphate. The use of ammonium 
nitrate in India will have the additional advantage 
that the ammonia industry will be absolutely self- 
contained, independent of any import of gyi)suin or 
sulidiur to the factory which will in most cases 
involve long haulage. But there are difficulties in 
its use as fertilizer ; fiLslly, it is hygroscopic, it 
absorbs moisture from the air, forms solid lumps 
which may end in explosion if the cultivator tries 
to powder it. Secondly, it is said that it is easily 
leached away froni lands subjected to heavy flooding. 
If these two defects can be removed ammonium 
nitrate will be the ideal nitrogen fertilizer for India 
and will be much cheaper for the same fixed nitrogen 
content than the ammonium sulphate. 

Phosphatic Fkrtiuzkrs 

The emphasis on nitrogen fertilizer in India has 
almost made us unrcniindful of another important 
fertilizer— the phosphatic fertilizer. In 1939, the 
world's consumption of phosphatic fertilizer contain- 
ing about 20% citric acid soluble phosphates was 
about 18 million tons which is double the production 
of ammonium sulphate. 'The consumption in India 
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was, however, meagre of the order of 12,000 tons. 
This industry will rapidly expand in India as the 
cultivator becomes more and more fertilizer conscious. 
There are phosphate deposits in India— at two 
centres, the phosphatic nodules in Trichy, and the 
phosphatic rock in Singbhum, Behar. The standard 
practice is to convert the insoluble phosphate by 
treatment with sulphuric acid to form super- 
phosphate. The large production cost of sulphuric 
acid in India from imported sulphur has stood in the 
way of the development of the industry. It has been 
found, liowevcr, that such phosphate rocks can be 
solubilized by fusion with .silica, feldspar, magiiesiuni 
carbonate, etc. The process is practically the same 
that takes place in a rotary cement kiln. In the 
Chemical Department of tlic Indian Instiute of 
Science, Bangalore a jirocess has been worked out 
using Trichy phosphate as the .starling material. 
The ore which contains about 52% calcium phosphate 
is treated first for removal of the incrustation of 
calcium carbonate, and a material containing 72% 
calcium phosphate is obtained thereby. This is then 


crushed to fine powder mixed with suitable fluxing 
agents and fed into a rotary kiln fired with an oil 
burner and maintained at a temperature of i35o®C. 
The fusetl mass slowly flows down the rotary con- 
vertor and on sudden cooling gives a. feasaldc 
material which contains but 16 to 18% citric acid 
soluble phost)hale. It has been estimated that such 
phosphatic fertilizer can be sold in India at Rs. 50/- 
per ton which is much cheaper than superphosphate 
manufactured with the aid of sulphuric acid, lixtcn- 
sivc field trials are now being made with this 
niatcrial at tlie pilot plant of the Indian In.stitute of 
Science, Bangalore, and in the Madras Cloveriimeiit 
Agricultural Farm at Coimbatore. 

It is hoped that large scale production of this 
fertilizer will also begin at an early date. The 
iniporlance of technological studies on problems of 
synthetic fertilizers industry in India cannot be over 
ciii]>hnsizc(I, and in any future plan of economic 
reconstruction of India, this industry will be con- 
sidered as a No. i kev industry. 

/. C. fV. 


EFFECT OF THE FOOD CRISIS OF 1943 ON THE RURAL 
POPULATION OF NOAKHALI, BENGAL 


RAMKRLSriNA NUKIIKRJRA, CAI.(U1T\ 
(Continued from the last Issue) 


The character of the population thus affected 
by the food crisis is best represented by their 
source of livelihood which was the inc).st important 
factor in enabling them to avert or to succumb to 
the crisis. Table 8 which records the sources of 
livelihood of the family units in December io/|2. 


before the food crisis, and in December after 

they had borne the main brunt of it, indicates that 
for all the three classes concerned “agriculture and 
labour^ and “labour** alone were the most im- 
portant forms before the food crisis. The next group 
of importance was the combination of “agriculture 


Taki«K 8. Showing llic s«inrc.cs of livelihood of llu: family units in DvocMiibcr, 1042, 1xT«»rc tlie crisis, miuI in UceiMiibcr, 
1043, aft IT Ihc main lirunt of il. 


Source of liveliliooil 


Agriculture 

babonr 

Domestic service ... 

Ttidu.stry ... 

Trade ... ^ ... 

Profession & Liberal arts 
Agriculture uiid lalxmr 
Agriculture and any (except labour) 
LalK>ur and any (except agriculture) 
Any other occupation 
Unproductive 


Class I (N— 85) 

: 

Class II 

(N-105) 

1 Class 111 (N- 28) 

Dec' 

Dec. 

iCliaugc foriii 

1 Dec. 

1 Dec’ 

Change from 

1 Dec’ 

! Dec. 

I Change from 

42 

48 

1 (I) to (2) 

1 '42 

1 -48 

Col (4) to (5) 

1 '42 

’43 

' Col (7) to (1) 

(I) 

(2) 

(3) 

1 (4) 

(5) 

l«) 

' (7) 

(8) 

(9) 

7 

3 

— 4 

1 

1 5 

2 

— 3 

8 

7 

- 1 

22 

14 

— 8 

1 29 

25 

4 

5 

6 

+ 1 

5 

7 

+ 2 


1 

+ I 


... 

... 

6 

3 

— 8 

1 6 

7 

+ I 

... 

... 

... 

2 

2 

... 


2 

+ 1 

2 

2 

... 

2 


— 2 

2 

4 

•f 2 

... 

... 

... 

17 

ib 

— 7 

38 1 

10 

-- 23 

8 

5 

— 3 

13 

8 

- 10 

9 

5 

— 4 

4 

5 

+ 1 

5 

1 

- 4 

... 

1 

+ I 

... 

... 

... 

4 

11 

+ 7 

8 

6 

+ 8 

1 

1 

... 

2 

31 

+ 29 

17 

1 

42 

+ 25 

... 

2 

+ 2 
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with any other occupation except labour”. The 
other occupations— agriculture, industry, trade, 
etc., are of less importance except in class III where 
agriculture is next in iini)ortance to “agriculture 
and labour”. It shows that, as in practically all 
over rural Bengal, the life of these peoidc is based 
on agrarian economy. 

But only in a few ca.scs these families depend 
solely on ‘agriculture* and usually combine it with 
other forms, mostly ‘labour*. This is because these 
people have not got sufficient holding (as seen in 
Table 2(H), 43, 5r), and iS family units, having only 
2r82, i 6‘95, and 8*42 acres of cultivable land 
between them, that is, about 0*51. 0*34, and 0*47 
acres per family on the rough average) to provide 
their families for the whole year round and so they 
arc bound to depend on earnings by other occupa- 
tions. In most cases this is done by working on the 
big holdings of cultivable land of the better off 
persons who need hired labour. 

So we can understand why these pcojdc were so 
much affected by the food crisis. In 19/^3 the prices 

I 

Takle d. Showing the nninber of unproduclivc faiiiilirs niidc^ 


tables 8 and 9. The former table shows that 57, 
64, and 15 per cents of the family units who practised 
‘agriculture* as one of their occupations have given 
it up. 36 and 14 per cents of the family units belong- 
ing to classes I and II who depended on ‘Labour* as 
their .source of livelihood have given it up, and the 
nuiiiber of unproductive families has increased to 
staggering heights. 

Table 9 which gives a detailed analysis of the 
unproductive families in December, 1943 shows that 
only a few families are traditionally unproductive, 
that is, they were unproductive even in December, 
iQ/ja. About them also, it nifiy be mentioned here, 
further investigation might show that even these have 
taken to this as the source of living* not long ago 
and that this is the result of the gradual deterioration 
of the rural economy of Bengal which has been 
tremendously accelerated by the food crisis of 1943. 
The table points out that the rest have been forced 
to det)ciid on charity as the result of the food crisis. 
It shows that 37 and 19 per cents of the earners 
belonging to the unproductive families of class I and 

rners, and the cause of bting unproduclivc in Dccciiibcr ltM3. 


rnproduclive causes 


Earner 


Traditionally unproductive 

Dead within Dec., '42- Nov., ’43 ... 

Invalid from Starvation ... 

„ „ Disease 

Emigrant (whercaliouls known) 

„ and Untraced ... 


T»)lal 


I productive fatnilios 

Unproductive earners 

Cliiss I 

Class 11 

Cla.ss III 

Class I 

Clas.H II 

Class III 

. (N-85) 

(N-195) 1 

(N~28) 

(N- IM) 

(N— 116) 

(N-31) 

2 

17 


2 

17 


6 

5 


0 

5 

... 

I 

7 

1 

1 

7 

1 

9 

r> 

1 

13 

6 

1 

11 

3 


11 

4 


2 

4 


2 

4 

... 

3« 

i 

2 

35 

43 

2 


of food .stuffs, specially of rice, began to soar up at 
a tremendous rale while these people could neither 
l>c provided from their small holdings iior could they 
manage to buy the necessities from their meagre in- 
come. The re.sult was that those who had some 
assets began to sell them and those uho had not 
such things or had lost them already cither starved 
and faced the natural coiiscnuciicc of death or l>ccamc 
sick or invalid or took to begging and deijcnding 
on charity to maintain their t>hysical existence any 
how. Those who lost their property to avert the 
natural cf)tisequencc could not thereby manage to 
escape it wholly. ^lany of them sold their holdings 
and as the result had to give up ‘agriculture* (culti- 
vating their own land) and lake to other occupations 
lo.sing even the little production of grains they would 
get otherwise. This is clearly brought out in the 


IF respectively' were compelled to leave the villages 
in .search of service as the result of the food crisis, 
leaving behind their family members to depend 
totally Oh charity. This means that 13 and 7 per cents 
of the total number of earners of the classes I and 
TI respectively do not belong to the village economy 
any more. Due to the crisis 40, 30, and roo per cent 
of the unproductive earners, that is 10, ri and 6 i)cr 
cents of the total earners arc at present invalid 
through ])roloiiged starvation and disease. That the 
diseases which have invalided them are mainly the 
result of the food crisis is proved by the fact that 
out of 20 persons invalided 14 arc suffering from fever 
(malaria in most cases, the after effect of low vitality 
proiluced by prolonged starvation), 3 from dropsy, 
the direct effect of prolonged starvation, and 3 from 
other cases, Over and above this 17 and 12 per cents 
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of classes I and that is, 6 and 4 per cents of 
the total earners in these two classes have died and 
so the only way left to their families for survival is 
to depend on charity. That this high mortality is 
mainly due to the food crisis will be shown in a 
following page. On the whole, the table points out 
that as a result of the food crisis in the classes I and 11 , 
6 and 4 per cents of the total number of earners have 
been definitely lost and 23 and 18 per cents of them 
are either lost or are very probably on the way to it, 
resulting in the increase of unproductive families 
from 2 and 16 per cents to 31 and 40 per cents ; a 
big jump of 29 an^ 24 per cents within the period 
of a year only ! 3i)6\ 

Table 10 re ^ the total number of earners in 
all the classes and the comparative importance of 
the occupations with regard to the earners in 
December, 1943. The earners have been classified 
as (i) leading earner, on the income of whom the 


gard to their comparative importance. The occuim- 
‘ t'ions of the working dependants have always been 
noted as secondary. The table shows that agricul- 
ture is mainly the secondary sources of living for 
•these people which further confirms the earlier state- 
ment that though these people live on agrarian 
economy, ‘agriculture* (by which is meant the culti- 
vation of their own land) provides for only a part 
of their livelihood. The table also shows that 7 
leading earners of the class I depend on domestic 
service which means the occupations like husking 
paddy etc. by the females. This indicates the severity 
of distress in the class I where the seven families 
have to depend on the meagre income from this 
tyi^e of domestic service. 

Table 10 has shown tliat in all there are only 93, 
ti6, and 31 earners in the respective classes I, II, 
and III of which 85, iii, and 28 arc the leading 
earners and the re.st 8, 5 and 3 arc the working 


Tabis 10. Showing the total nninbcr of leading earners and working dependants in each occupation considered as 
primary or secondary in Decemlier 1943. 


Source of 
livelihood 

(Productive) 

Class I (N-«5) 


Class II 

(N— 105) 

Class III (N--28) 

No. of Family 
units 

Pri- 

mary 

Secondary 

Total No. of 
Earners in each 
occupation 

No.’ of Family 
units 

Pri- 

mary 

Secondary 

-gi 
“Eg 
5 H 
ow 8 
H 

(10)* 

No. of Family 
units 

Iri- 

mary 

Secondary 

^ Total No. of 
o! 1 Earners in each 
i occupation 

Leading 

earner 

Leading 

earner 

•4.1 

g 

S’! 
3 !< 

0 *0 

(4) 

li 

(7) 

Leading 

earner 

s 

■k 



(9) 

Leading 

earner 

Leading 

earner 

1 

!§• 

0 *8 

(14) 

d) 

(3) 

(5) 

(6) 

(8) 

(11) 

(12) 

(13) 

Agriculture 

16 

6 

10 


16 

17 

4 

13 


17 

17 

8 

9 

• •a 

17 

T^abour ... 

25 

25 

1 

1 

27 

36 

37 

... 

’3 

' 40 

11 

10 


2 

12 

Domestic Service 

7 

7 

... 

5 

12 

1 

1 

... 

1 

2 


... 

... 

•*. 

... 

Industry : Carpctitry, 
















Weaving, barber's job, 
















and Wa.sheriiian’s job .... 

3 

4 

... 

1 

5 

7 

9 

1 

... 

10 


... 

... 

... 

... 

Trade : Shop-keeping and 
















Free Trading 

2 

5 

... 

... 

5 

2 

5 

... 

... 

5 

2 

4 

... 

... 

4 

Profession & hilieral Arts : 
















Medical, Teaching and 
















PriesthcKid 


... 

... 



4 

7 

... 

... 

7 

...• 

... 

... 

... 

... 

Any Other Occapntioii ... 

11 

13 

... 

1 

i*4 

6 

6 

... 

... 

6 

1 

4 


1 

5 

Sub-total 

54 

60 

11 

8 

... 

63 

69 

14 

4 

... 

26 

26 

9 

3 

... 

Unproductive 

31 

31 


... 

... 

42 

42 

- 

1 

... 

2 

2 

... 

... 

... 

Total 

85 

9t 

11 

8 

... 

104 , 

111 

14 1 

5 1 

... 

28 

28 

0 

3 



particular family mainly depends, and (li) working 
dependant whose income is an additional help to the 
family. Usually the leading earners are not below 
the age of 25 and the working dependants are within 
the age-grade of 15—25. The occupations have been 
classified as (i) primary and (ft) secondary with rc- 

8 


dependants. That is, very few family units have 
more than one earner each, the total number of 
family units of the population studied being 85 in 
class I, 105 in class II, and 28 in class III. Table ii 
which sliows the effective population of these units 
considered together, that is, of the total population, 
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indicates why there are not many earners in these 
family units. 

Before discussing table ii which gives us the 
distribution of the population according to age-grades 
one thing is to be noted. As has been motioned in 
the beginning, the population was studied by the 
geneological method, with the help of which the* 
population in December, 1943 was recorded. 
Now as there was no immigration during 
June—December, 1943 and the number of birth 
is negligible the population in May, 1943 can 
be deduced from it with a fair degree of accuracy 
considering the number of deaths and emigrations 
within the period of June — December. Following the 
same principle the population in May, 194a may be 
deduced, though with still less accuracy but i)erhaps 
sufficient for our purpose of finding out the age- 


ants in some occupations! like Agriculture, Weaving, 
and Washermen's job, but they do not directly bring 
any money or anything in kind to the &mily except 
through domestic service already described. There- 
fore, to find out the really economically effective 
population we must consider only 5 per cent of the 
female iwpulation belonging to the age-group 16—50, 
which again is of greater percentage Uian the 
corresponding grade of the males. Hence, the per- 
centages of the really effective population are only 
24 and 26 in May, 1942 and December, 1943 respec- 
tively. In our sample also *he percentage of total 
number of earners (246) s jtal population (962) 
is 25 per cent. These fig\ 3 ^ , why there are 
not many earners in the village he result of this 
is that the earnings of most of tiie'l&milies were not 
sufficient to fight the food crisis. The earnings have 


Tabib It. Sliowiug the total population of the sample in December 1943, May 1943, and May 1942. 



Population in 
Dec. 1943 

Deaths within 
Juiie-Nov. 1943 

Emigration 

within 

June-Nov. 1943 

Population in May 
1943 

(Cols. 1+2+3) 

Deaths within 
June *42- 
May *43 

Population in May 1942 
(Cols. 4+5) 

Age-grade 


Female 

1 

1 

1 


1 




1 

■S 

1 




1 



1 


Male 

Total 

P.C. 

Male 

1 

Total 

Male 

ol 

B 

£ 

Total 

Male 

I 

& 

Total 

P.C. 

V 

Pi 

i 

U4 

Total 

1 

§ 

u 

Total 

P.C. 


(M)' 

(1-2) 

(1-3) 

(1-4) 

(2-1) 

(2-2) 

(2-3) 

(31) 

(3*2) 

(3-3) 

(41) 

(4-2) 

'(4-3) 

(4-4) 

(51) 

(5-2) 

(5-2) 

(61) 

(6-2) 

(6-3) 1 

(6*4) 

0-15 

263 

223 

486 

51 

30 

17 

47 

12 

6 

18 

305 

246 

551 

51 

7 

12 

19 

312 

258 

570 

50 

* 15~50 

184 

229 

413 

43 

17 

10 

27 

27 

3 

30 

228 

242 

470 

43 

9 

7 

16 

237 

249 

486 

43 

50 & above 

38 

25 

63 

6 

4 

1 

5 

... 

... 

... 

42 

26 

68 

6 

4 

4 

8 

46 

30 

76 

7 

Total ... 

485 

477 

962 

100 

51 

28 

79 

39 

9 

48 

575 

514 

1089 

100 

20 

23 

43 

595 

537 

1132 

100 


grade ratios, by considering the deaths alone leaving 
aside emigration which did not play any important 
part in this period. Thus the table ii has been pre- 
jiart in this period. Thus the table ii has been pre- 
grades, o — 15, IS— 50 and above 50 of which the age- 
grade 15—50 may be considered to comprise of the 
effective population economically. The table shows 
that the age-grade ratio is practically the same in 
all the three periods, the percentages of total being 
50, 43 and 7 in May 1942 and 51, 43 and 6 in 
December 1943 for the respective age-grades of 0—15, 
15—50 and above 50. 

However, as the table shows, the effective popu- 
lation belonging to the age-grade 15 --50 covers 43 
per cent of the total population. But it is to be 
noted that only a minor portion of the female popu- 
lation of these villages is directly effective with re- 
gard to the sources of income, since their only occu- 
pation for direct income in cash or kind is domestic 
service which accounts for only 5 per cent of the 
total number of earners when all the types are con- 
sidered together. It is true that they are effective 
as housewife or household w^orker and also as assist- 


been further curtailed now as there arc 80 unproduc- 
tive earners (30 per cent of the total) to be considered. 
The Census of jg/]i records that in Bengal only 27 
per cent of the total population is economically effec- 
tive, that is, they earn something to maintain them- 
selves and their family. It is clear therefore that 
the sample studied is sufficiently close to the norm 
of economic condition in Bengal. 

The effect of the food crisis on the population 
is best understood when we consider the deaths and 
emigrations that have taken fdacc between June - 
November, 1943 when the crisis w^as raging very 
high. The deaths within the previous period of one 
year, from June, 1943 — ^May 1943, is also considered 
to give a comparative picture. The emigrations in 
this period have not been taken into account as it 
was not at all an .important phenomenon in this 
period. It may again be mentioned here that the 
death rates during June — November 1943, and June 
1942 — ^May 1043 have been calculated from the 
derived population figures of May 1943 and May, 
1943 respectively as noted in the previous pages. 
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According to the table la the percentage death female death rate is slightly higher than that of 
rates for the classes I, II and III in the six months males, especially in age-groups of 0—15, and 16 — ^50) 
from June to November, 1943 were 6, q, and 3 res- and the observed value was the higher proportion of 
pectively, that is, 12, 18 and 6 per cents in the year, male death rate. The test proves that except in tlic 
What a staggering figure when the normal annual age-group of above 50 to the two values arc re- 

TABI.K 12. Showing the death-rates of the population in percentage during June-^November 1943 and June 1942— 
May 1943 


Class 

Population in 
May 1943 

Deaths in June - Nov. 1943 

Population in 
May 1942 

Deaths in June *42— May *43 

Sample 

Percentage 

Sample 

Percentage 

(1) 

(2-1) 

(2-2) 

(3) 

(31) 1 

1 (3-2) 

I 

39G 

24 

6 

412 

16 

1 4 

II 

566 

51 

9 

585 

19 

3 

III 

127 

4 

3 

135 

8 

5 

Total ... 

1089 

79 

7 

1132 

43 

4 


death rate is 2*3 per cent on the average* and when 
we find that during the year before, from June, 1942 
to May 1943, the death rates per 100 were 4, 3, and 
5 only. 

Table 13 which gives a detailed analysis of 
deaths within June— November, 1943 with resi^ct to 
age-grade and sex, indicates very high child morta- 
lity— 17 per cent per year ! Death in old age is also 
no less marked but that is however, less alarming than 
child mortality. The death rates according to sex 


markably dissimilar and in case of the age-group 
‘Above 50* also the similarity is very slight. This 
indicates that there is association between mortality 
and sex, especially in the age-grades 0—15, 15—50, 
as well as in the total ; that is, more males have died 
than females. 

It is to be mentioned here that the usual large 
sample test indicates that the sex ratio of the satnplc 
studied may be said to represent the district popula- 
tion according to the Census of 1941 f when the result 


Taoi«k 13. Showing tlie male and female death-rates of the total population in percentage in different uge-gnidcs 
during June— November 1943. 


Age-grade • 

Population in ^lay 
1943 

Deaths during June — November 104.^ 

X* lest on male & female 
death-rates to total popu- 
lation 

Sample 

Percentage of total 


Male 

Pcmale 

Total 

Male 

Female 

1 

Total 

Male 

1 Female 

Total 

D. F. 

X* 

P 


(M) 

(1-2) 

(1-3) 

(3-1) 

(2-2) 

(23) 

(31) 

(3-2) 

(3-3) 

(41) 

(4-2) 

(4-3) 

0-15 

305 

I 

246 

551 

30 

17 

47 

5-4 

31 

8-5 

1 

O' 1414 

>0-70 

15—50 

228 

242 

470 

17 

10 

27 

3-6 

21 

5-7 

1 

0-3593 

>0-50 

SO & above .. 

42 

26 

68 

4 

1 

5 

5-9 

1-5 

7-4 

1 

10-8532 

<001J 

Total .. 

"575 

514 

.1069 

51 

28 

79 

4-7 

2-6 

7-3 

• 

0-4248 

>0-50 


^Significant. 


reveal a very significant and at the same time an 
alarming phenomenon. At a glance it can be seen 
that more males have died than females, the ratio 
being roughly 2:1. That the association between 
death and sex is really significant is borne out by x* 
test, as shown in the table. In x* test, the ex- 
pected value was regarded as equal proportions of 
male and female death rate (although even in normal 
times, as shown in Census of Bengal 1931, the 

^Calculated from Public Health Department figures 
during 1931-40. 


of the lest, 1=1*25 and p(t) = 2i per cent. Hence 
this phenomenon of differential death rale may be 
regarded as applicable to the district as a whole. 


tt- 


v—p ^ _ Tota l male population of the district 
^ (1 -P) * ^ population of the district 

=^ 43 . 174 . 0.32 
2,217,402 

,j.25 : p = *l*otal male po pula tion of th e s ample 

Total population of the sample 

-^- 0-50 

962 

:ii= 962. 
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As to the reason behind the differential death 
rate we cannot assert any. It may be due to the fact 
that the males had to exert much more than the 
females to avert the crisis, this being very probable 
regarding the effective male population, who being 
the leading earners of the family units had to exert 
their utmost to provide for their dependents, mostly 
female, and this exertion coupled with ill feeding or 
starvation, (which, however, was common to both) 
heavily told upon their health leading to death in 
large numbers. 

Another feature, to be considered here, is that 
the difference of age of 5 years and not infrequently 
of 10 or even more is the usual rule with the married 
couples of these people, so that, the heads of the 
families who are frequently of middle age have their 
wives considerably younger to them who could stand 
this crisis in a better way than their husbands, and 
the latter being older were already of lower vitality 
and further had to bear more exertion. The result 
is that more males of this age-group have died than 


Tadi^b 14. Showing the total nnml^cr of deaths in different 
age-griades daring June — ^November 1043. 


Age-grade 

Deaths 

Male 

Female 

(» 

(2) 

0- 5 

19 

11 

5-10 

7 

6 

10-15 

4 

••• 

15—20 

3 

1 

20—30 

... 

3 

30-^0 

6 

4 

40-50 

8 

2 

50-60 

2 

... 

fiO-70 

1 

... 

70 and .above 

1 

1 


females. That this statement is true is further 
proved by the table 14 which .shows the total number 
of deaths in the age-groups of 5 and 10 years’ inter- 
vals. The table shows that the difference of male 
and female deaths is extremely marked in the age- 
group 40 — ^50 where the total number of male deaths 
also is only next to that in the age-group 0—5. 

Whatever the reason may be the absolute figures 
supplemented by the test indicate it to be a fact 
that more males have died than females and this is 
.surely going to affect the population very seriously 
in the long run, especially in case of the Hindus who 
look down upon widow marriage with contenu)t and 
who are now going to face a huge mass of widows 
in the present generation, (that is, , belonging to the 
age-grade 15—50) and smaller number of women in 
the coming generation belonging to the age-grade of 
0—15. The huge number of deaths within June — 


Vol. X, i4o. 6 

November, 1943 itself shows what has been the effect 
of food crisis on the population. Table 15 which 
records the cause of death within June — ^November, 
1943 and June 1949— May 1943 fiuther confirms it. 

Table 15 shows that 44 per cent of the total 
deaths are due to the effects of starvation and of it 
89 per cent took place during June— November, 1943. 
One thing, to be noted here, is that it is true that 
starvation is the cause of so many deaths as recorded 
in the table, but t^ actual deaths might have taken 
place due to some diseases which, when the entire 
bodily system is totally deranged by prolonged 
starvation, could very easily attack and finish off the 


TabIiB 15. Showing the cause of deaths within Jutie^ 
November 1943 and June 1942— May 1943. 


✓ 

Cause 

1 Deaths | 

Total deaths within 
June ’42— Nov. 1943 

June-Nov. 

1943 

Jnne ’42- 
May 1943 

Sample 

Percentage 


0) 

(2) 

(3) 

w 

Starvation 
Dysentery ... 

Drop.sy 

Fever (mostly 
Malaria) 

Cholera 

Small Pox 

Other Causes ... 

48 

2 

7 

4 1 

1 

16 

4 

1*3 

7 

1 

12 

54 

6 

7 

22 

11 

6 

16 

44 

5 

6 

18 

9 

5 

13 

Total ... 

79 

1 

43 

122 

100 


persons. As in most of such cases the informants 
could not describe the consequent diseases correctly, 
the deaths have been recorded as due to starvation. 
Where the disease could be ascertained it has been 
noted, as seen in the table. Hence, if we consider 
dysentry, dropsy, fever and cholera to be the diseases 
which came in consequence of starvation we see that 
82 per cent of the deaths are due to food crisis of 
w'hich again 70 per cent took place during June— 
November 1943, when the crisis reached its height. 

The study of the effect of the food crisis on the 
population remains incomplete unless something is 
known about the persons who have emigrated from 
the villages due to food crisis. We have already 
noted that a considerable percentage of the earners 
have left the villages in .search of service in some 
other parts of Bengal and Assam or are. untraced. 
Table 16 shows the total number of the rural popula- 
tion who have emigrated within June — November, 
1943 due to the foc^' crisis. As the figures will show, 
comparing these with those of table 9, most of the 
emigrants are the earners considered previously, but 
the females belonging to the age-group 16—50 and 
all of the age-group 0-15 (except 6 males who arc 
working dependants) are the other family members, 
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de])eiidants of the earners, who have also accompanied institution among the Hindus, has been effected by 
them. the food crisis. 


Tabu 16. Showing the emigration of the population during June— Noven{ber 1643. 


Class 

. 

• 

Emigration within June— November 1943 


! 

Popnlation 

in 

May M3 

Emigration 

per 

100 

0-15 

IS-SO 

50 and above 

Total 

Male 

Female 

Male 

Female 

Male 

1 

Female 

Male 

Female 

Total 


(It) 

(1-2) 

(21) 

(2-2) 

(31) 

(3-2) 

(4-1) 

(4-2) 

(4-3) 

(5) 

{^) 

I 

5 

5 

9 

2 


... 

14 

7 

21 

396 

5 

n 

4 


14 


... 

... 

IS 


18 

566 

3 

HI 

3 

i 

4 

i 

... 

... 

7 

2 

9 

127 

7 


The table shows that 5, 3, and 7 per cents of the 
population have migrated due to food crisis within 
June — ^November, 1943. It also indicates that more 
males have emigrated than females and that the 
largest number has emigrated from the economically 
effective population. The table also indicates that 
not a single one of the older population has emigrated 
for the obvious reason that they have no more 
strength or urge to try their luck elsewhere and so 
prefer to die if that be the consequence, in the native 
place. On the whole, the figures on the population 
problem, so far considered, show that the effect of 
the food crisis on the rural iiopulation of the district 
of Noakhali is that only within a period of six months 
from June— November, 1943 6, 9 and 3 per cents of 
the poimlation have died and 5, 3, and 7 per cents 
of it have emigrated. Also of the low proportion 
of economically effective population 6 and 4 per cents 
of the total number of earners belonging to class I 
and II have died out, 14 and 7 per cents have 
emigrated, and 15, ii, and 6 per cents of the classes I, 
II and III are invalids through starvation and various 
diseases which are the consequence of starvation. 
This is how the food crisis has led the rural ix)pula- 
tion towards physical extinction. 

Ei^fect of thk Food Crisis on the Social 
Life of the People 

Sufficient data as to how the food crisis is effect- 
ing the social life of these people could not be collect- 
ed within the short period of field work. But in all 
the villages it was found that Hindus of various 
castes, like, Kayastha, Napit (Barber), Dhupi 
(Washerman), Jugi (Weaver), (as shown in table 17 
where the class I sample, as mentioned in the begin- 
ning, belongs to the gruel kitchens) are taking their 
food from the same gruel kitchens ; the Muham- 
medans having a separate kitchen. It indicates that 
even the caste system, the most dominant social 


Another feature, to be noted, is that except one 
family unit under the class II all other found in the 
villages are simple families composed of the parents 
and children with rarely a married son. Infrequently 
there is also a widowed mother or sister or daughter. 
The system of joint family, so popular in Bengal is 
practically non-existent, llow far this is due to the 
pre.sent food crisis or is the result of the constant 
deterioration of the economic life of the rural popula- 
tion from a considerable time requires further investi- 
gation. However it was found out that the widowed 
persons who are coninionly looked after by the nearest 
relatives, like, brother or father in rural families have 
been made to live apart in many cases. At the time 
of investigation it was found out that in a Muhain- 
medan family belonging to class 1 an old woman 
has very recently been jmt apart by her son and 
is not provided by him anymore, so that, she has to 
live with her two grand children by. another son, 
dead long ago, depending solely on begging. In class 
II two cases were observed— one Hindu and the 
other Mohammedan— where the families have left the 
villages and gone to Assam leaving behind their two 
widowed sisters. In two other families, and in this 
case also one Hindu and one Muhammedan, the 
widowed sisters are not provided for any more and 
they have to live separately even when the two fami- 
lies arc there in the villages. These two ijersons main- 
tain themselves by domestic service and charity. 
Detailed investigation regarding such disruption in 
the usual social life could not be carried out, but these 
few instances indicate how due to the food crisis the 
social tie has been loosened when nobody cares to 
look after any other person. 

This feature was more sharply brought out in 
case of three families of class II and of one of 
class Ift, the heads of which have sold their eight 
daughters between 10 to 22 years of age, to some 
persons hailing from Jessore who came there to pro- 
cure girls for marriage, at Jessore. It is not definitely 
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known whether the girls are really married in Jessore 
or are utilised for immoral purposes, as they them- 
selves could not be sure on this point. The fact re- 
mains that the severity of the food crisis has made 
these people so inhuman that they have sold thdr 
daughters even though their future was unknown. 
Another person, the head of another family unit 
belonging to class II, told us that he also wants to 


The fact and figures prove that this laet group 
is nevertheless affected. This study has revealed 
that the effect of the food crisis in case of all 
the types is the same in quality, the variation being 
only of degree.* Every where, in all cases, the food 
crisis has economically ruined the people bringing 
many of them to total destitution. Biologically it 
has led them to extinction at 'a tremendous speed and 


Tabu 17. Showing the total nnmt)er of families and j €.rsons, according to community and caste, of the population in 
December 1943 



Family Units 

Population 

• 

Community, Caste or Sect 

Class 

Class 


I(N-85) 

11 (N-105) 

III (N-28) 

I (N-352) 

II (N-496) 

III (N-114) 


(>) 

(2) 

(3) 

w 

(5) 

(6) 

Br^mtn 

• it 

2 


... 



Kayastlia ... 

11 

27 


SA 



Napit (Barber) 

3 

1 

..4 

16 



Jugi (Weaver) 

1 

11 

• •4 

4 



Karmakar (Blacksinitli) 

... 

4 

• •4 

• •• 



Sutradhar (Carpenter) 


2 

• •4 

... 

11 


Dhupi (Wa.shennan) 

is 

7 

• •4 

42 

26 


Bairagi (Vaishnaba sect) ... 

... 

2 

• ■4 

... 

3 


Natya (Dancer— intermediate 

... 

... 

• •4 

... 



between Hindu & Muslim) 

... 

2 

• •4 

... 

9 


Hindu 

28 

58 

..4 

118 

276 


Muslim 

67 

47 

28 

234 

220 

114 


sell his daughter in this way but cannot do it as the 
girl has no proper clothes to wear 1 

The report can now be summed up as follows. 
Through the study of the three classes of families I 
have tried to find out the effect of the food crisis on 
the people of the district as a whole. Although I 
could not collect a large volume of data, yet the 
three samples studied may be considered to be the 
cross-sections of the life of the people of the district 
where the class I represents the most affected, the 
class II those affected in a lesser degree, and the 
class III, the general population of the district of 
any village who may not have received any relief. 


socially it has disrupted their normal family ties and 
turned them into callous beings bereft of human 
sympathy and feelings. 

This is the effect r'f food crisis of 1943 the 
rural ]x>pulation of the district of Noakhali. It will 
totally crush these people unless proper steps are 
taken to rehabilitate them. 

* The figures regarding the class III seem to show that 
this class is not so adversely affected as the other two. 
It may be that this is the real fact. But we must also betf 
in mind that our sample is very small with regard to this 
class (only 28 family units being studied). Hence it may 
not accurately show the severity of distress of the people 
belonging to this class. 
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NEW NOBEL LAUREATES IN CHEMISTRY AND PHYSIOLOGY 


pROF. GEORGE V. HEVESY is the recipient of 

the Nobel Prize in Chemistry for 1943. His main 
work and notable contributions lie in the field of 
X-ray Spectrography as applied to the study of 
chemical problems and in the sphere of radio-activity. 
His work on the separation of isotopes is also an 
outstanding one. 

In collaboration with Bronsted in igai, he 
succeeded in effecting partial separation of the 
i^topes of mercury and chlonne by fractional dis- 
tillation under conditions of the so-called ideal dis- 
tillation, in which the molecules leaving the surface 
were not allowed to return. Following the same 
method in 1927, he effected partial separation of the 
isotopes of potassium and proved that K'** is not res- 
ponsible for the activity of potassium. 

In 1922, following the suggestions offered by 
Bohr's theory of atomic structure, he, in collabora- 
tion with Coster, examined numerous zirconium 
minerals by the X-ray method, , which led to the dis- 
covery of hafnium, the" element No. 72, and proved 
it to be a homologue of zirconium and not a rare 
earth clement as was believed by Urbain and others. 
The chemistry of hafnium was developed and eluci- 
dated entirely by him. Micro-chemical analysis by 
means of X-ray spectrography forms also an im- 
portant feature of his contributions to chemistry. 

By far the largest amount of his work lies in the 
field of radio-activity and specially in connection with 
the use of radio-elements as indicators. Mention may 


be made in this connection of (i) the use of thorium 
B as indicator for the determination of the solubility 
of lead chromate in water, (2) exchange between 
bivalent and quadrivalent lead ions in solution, 
(3) determination of deposition potential of .poloniam 
and bismuth, which verifies Nernst's formula for 
deposition voltage even in extremely dilute solutions 
of the order of io“* N, (4) the use of radio-elements 
as indicators in colloid chemistry, (5) study of self- 
diffusion in .solid metallic lead and lead salts, as well 
as the interchange of lead atoms between fused lead 
and fused lead chloride, and between lead oxide 
and lead .sulidiide, (6) absorption and distribution of 
lead in roots, leaves and fruits of a plant ; and the 
use of radio-active isotope in the .study of meta- 
bolic processes. The nature of radio-activity of the 
rare earth element samarium was first studied and 
established by him. He was one of those who in- 
vestigated the nuclear transmutation of the rare earth 
elements. 

Hcvesy was an Ordentlicher Professor of Physi- 
cal Chemistry for several years in the University of 
Freiburg from where he went to Stockholm before 
the outbreak of 4 hc present war. He is the author 
of .several well-known and standard books like ‘Die 
Seltencn lirden votn Standpuukte des Atombaues’ 
(Rare-earths from the standpoint of Atomic Struc- 
ture), ‘Chemical Analy.sis by X-rays', and a ‘Manual 
of Radio-Activity* (with Pancth). 

P. Rdy. 


jpT S. GASvSKR and J. Krlangcr were the joint 
recipients of Nobel Prize for Phy.siology 
for 1943, as was announced sometime ago. They 
achieved their distinction by their brilliant work 
in the domain of biophysics of nerves in relation 
to the study of their action potentials by greatly 
improved technique, viz., by Cathode Ray Oscillo- 
graph after suitable amplification, and by their 
equally brilliant analysis of the results of this study. 
Although the main part of this work was done by 
G^cr in collaboration wdth Erlanger, yet others such 
as Newcomer, Bishop, Graham, Grundfest, and Blair 
helped him to a considerable extent in elucidating 
these problems. Before their work it was known that 
when a nerve is stimulated, a chain of proccs.scs 
giving electrical, potential signs is set up. The 
algebraic sum of these potentials is called the “action 
potential”. In an intact nerve the action potential 
is di-phasic in nature, but if the nerve is damaged at 
one end, as by the application of a hot wire, the leads 


from an uninjured and the injured portions of the 
nerve show a mono-])liasic variation or a mono-plia.sic 
w'avc. Gas.ser ct al showed by eliminating diphasi- 
city by potassium method and by applying refined 
technique that the monophasic action potential wave 
is not simple but composite, consisting of one larger 
potential change followed by smaller and slower 
potential changes which arc masked in the di-phasic 
wave. The larger potential change is the spike poten* 
tial and the subsequent smaller and slower changes, 
the after-potentials. These after-potentials consist 
of a negative after-pdtential starting while the spike 
is in progress and finally the positive after-potential 
which appears after the ending of the negative after- 
potential. The negative potential is of variable 
magnitude and duration and the positive potential 
is very small in frog’s nerve fibres, but is sharply 
defined, constant in form, position and occurrence in 
those mammalian nerve fibres in which the velocity 
of transmission of impulse is very fast {Le., A-fibres). 
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The duration of spike potential is about 0*4 m. sec. ; 
of this the period of rising potential is ^ and of the 
falling potential ^ of the time of 0*4 m. sec.). 
The negative after-potential which begins while the 
spike is in progress reaches zero at about 15 m. sec. 
from the beginning of the curve. It is then suc- 
ceeded by the positive after-potential which reaches 
a maximum at about 30 m. sec. but continues to 
about 70 m. sec. The potential of the spike at its 
peak is about 12 mv. Regarding the magnitude of 
the negative after potential, though no definite value 
can be given because of its overlapping with the 
spike, yet there arc reasons to believe that it is 
about 5 to 6 per cent, of the maximum spike 
potential. The crest of positive after-potential has 
a value of 20 to 25 /w., i,e,, about 0*2 per cent, of 
the spike potential. 

In freshly mounted (in air or o,) isolated nerves, 
in which the fibres arc subject to spontaneous dis- 
charges, such as the phrenic nerve, the after-potential 
is rhythmic, t.e., in addition to negative and positive 
phases, there may be a second cycle of negative and 
positive waves, and even a third and a fourth one, 
the discharges increasing during the negative phases 
and decreasing during the positive phases. Tetanisa- 
tion and vcratrinasalion augment both the negative 
and positive potentials. 

Recovery of excitability in a nerve after stimu- 
lation was studied in relation to these various phases 
of action potentials. Tlic absolute refractory period 
coincides generally with the duration of the spike 
potential and lasts between 0*41 and 0*44 m. sec. in 
best preparations, although not infrequently, no sign 
of a second response can be evoked unless the shock 
interval is 0*5 m. sec. In nerves functioning under 
physiological conditions the relative refractory state 
ends at about 3 m. sec. and the supernormal phase 
lies between 3 and 15 m. sec. with a maximum of 
7 per cent, at 7 m. sec. ; subnormality is shown 
between 15 and 70 m. sec. with a maximum of 3 per 
cent, at 30 m. sec. In isolated nerves the relative 
refractory period is shortened by the augmented 
negative after-potential process and supernormality 
which coincides generally with the negative after- 
potential comes on early. In nerves in situ the 
relative refractory period is longer and the super- 
normal phase is less in degree and shorter in duration. 
The subnormal phase coincides with the positive 
after-potential period. Fresh nerves (isolated) show 
less negativity and less supernormality. In cases, 
such as after tetanisation where the negative after- 
potential is sufficiently augmented along with the 
positive after-potential, the complete cycle through 
which the excitability of a fibre passes before return- 
ing to its steady' state is made up of : the refractory 
period, a first supernormal and then a first subnormal 


period, a second supernormal and then a second 
subnormal period. 

In an earlier period of their work, when they first 
used the lagless instrument, viz,. Cathode Ray Oscil- 
lograph, for recording, action potentials, they noticed 
that secondary waves occur in the catacrotic limb of 
the action potential curve. They soon realised that 
these waves are discrete action potentials originating 
simultaneously with the main action current but 
travelling at different rates in fibres possessing dif- 
ferent physiological characteristics, for when the 
action potential of a mixed nerve is recorded by leads 
placed close to the site of stimulation, it is simple in 
form ; if the leads are placed at a distance of 31 mm., 
the catacrotic limb shows a hump ; if at 82 mm., 
three or sometimes four separate waves are clearly 
seen. These waves are called P, y, and B waves. 
The three usual waves, viz,, <, P and y, have the 
same general form but the < -wave has the greatest 
and the y-wave the smallest amplitude. These waves 
may be compared to scratch runners in a race who, 
though starting together, gradually get separated at 
longer distances from the start since the faster con- 
testants outstrip the slower. On studying the course 
of transmission of these waves from the sciatic nerve 
to its spinal roots, it was noticed that the < -wave 
is composite, consisting of a sole motor component 
which passes into anterior roots and <-sensory com- 
ponent which passes into posterior roots. Tlie fibres 
contributing to these 2 waves have about the same 
stimulation threshold and rates of conduction. It 
was further noticed that P, y and B waves are 
entirely sensory and like the < -sensory wave iiass 
into posterior roots only. On stimulation of a motor 
branch of the femoral nerve < -waves alone arc 
obtained and of a branch of the same nerve going to 
the skin P and y waves and not <-waves arc obtained. 
It was, therefore, concluded that < -waves arc pro- 
duced in large efferent (motor) and afferent (muscle 
sense) fibres of the muscular branch and P and y 
waves in afferent fibres subserving skin sensations. 
All these fibres (< ,P and y) enter somatic nerves via 
spinal roots. In studying the relation between the 
activity of a nerve, as revealed by its electrical sign, 
and its morphology these workers found that a cor- 
relation exists between fibre size and the velocity 
of the action potential wav6. Thus three groups of 
myelinated fibres existing in the peroneal nerve of a 
frog with diameters of nearly 16, 10 and 5 microns 
are found to be responsible for the conductance of 
<, P and y waves respectively. In the sciatic nerve 
of dogs and cats the velocities of propagation of < 
P and y waves are 90, 50 and 30 meters per sec., 
whereas their velocities in the corresponding nerve 
of bull frog vary between 50 to 10 meters per sec. 
Thus the greater the diameter of a fibre, the faster 
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is its conduction rate. The excitability and the 
length of the refractory period of the fibre also varies 
with the diameter, the smaller ones possessing a 
higher threshold and a longer refractory period than 
the larger. 

On applying a stimulus much stronger than that 
required to elicit <, p, y (and sometimes 8) waves 
from a mixed nerve and on greatly increasing the 
amplification of the instrument these workers found 
that two other waves (or series of waves) appear if 
the action potential is recorded from the nerve at a 
distance of gi mm. from the seat of stimulation. The 
first of these appears about 15 < (i.c., m. sec.) after 
the crest 'of the y-wave and the 2nd wave appears 
about TTO< after the termination of the former. Gasser 
and Erlanger called these B and C waves and includctl 
y { sometimes 8) waves in A group of waves. 
The B elevation is .sometimes compound like A and 
the C elevation is usually so. In a mixed nerve 
A group comprises all those myelinated fibres of 
which the diameter is 5 /x or upwards, and B and C 
groups include such myelinated fibres as have a 
diameter less than 5 /x and unmyelinated fibres.* The 
conduction rates of B fibres vary between 20 and 10 

• The correlation between fibre size an<1 conduction rates 
that is seen in the case of A group of fibres is not noticed 
in the case of B and C groups. 


meters ixjr sec. in dogs and cats and between 5*5 
and 1*3 m. per sec. in bull frogs and of C fibres 
between i'6 and 0*3 ni. per sec. in the former (i.e., 
dogs and cats) and between 0*9 and 0*2 m. per sec. 
in bull frogs. The irritability of A fibres is maximal, 
that of B intermediate and of C the least. B fibres 
enter the mixed spinal nerve through grey rami and 
arc' accordingly post anglionic sympathetic fibres. 
C fibres are found in (a) anterior roots and white rami 
(tlicrefore efTercnt, myelinated prc-gaiiglionic sym- 
pathetic fibres), (b) grey rami, and {c) i>osterior roots, 
in which they are non-myelinatcd. They possibly 
transmit sensations of pain and are concerned in anti- 
dromic dilatation and sberringtoii contracture. 

The work of Gasser and Krl anger once more 
prov'esr how important is the apidication of Physics 
to profdcms of Physiology. Co-operation or rather 
combined action between Plij’sicisls and Physiologists 
is essential for the development of Biophysics in this 
country, for it is rarely that the same individual has 
a conjoint training in both mathematical physics and 
higher physiology. It is to bo remcml^red and 
realised that if a distinction is made lH?tween the 
status of Physicists and Physiologists in the course of 
such co-operative work, the growth of Biophysics is 
likely to be hampered. 

N. M. Basu 


Botes anb Bews 


NOBEL AWARDS IN PHYSICS & CHEMISTRY 

CbOSH at the heels of the report of the Nobel 
awards in Physiology and Medicine for 1943 and 1944 
conies the announcement of the like awards in 
Physics and Chemistry for the same years. Prof. O. 
Stem of the Carnegie Institute of Technology, 
Pittsburg, Pennsylvania, has received the Nolxjl 
Prize for Physics for 1943. Prof. Stern developed 
the technique for the study of atomic beams and ex- 
perimentally demonstrated, in conjunction with W. 
Gerlach, the directional quantization of atoms, and 
also determined the magnetic moments. In tq 33 he 
determined the magnetic moment of proton. lie was 
Professor of Exfierimental Physics in the TTiiivcrsily 
of Hamburg till 1933 • 

The Priz^e for Physics for 1944 has been awarded 
to Prof. Rabi of Columbia University, New York. 


He began his investigations in Hamburg under Prof. 
Stern, and with his co-workers has extensively deve- 
loped the method of atomic beams for the measure- 
ment of nuclear magnetic tnomeiits of unprecedented 
accuracy. 

Prof. George von Hevesy of Stockholm has been 
awarded the Nobel Prize for Chemistry for 1943. He 
develo]ied the use of isotox>cs as indicators in the 
study of chemical processes and of biological meta- 
bolism. ITie award in Chemistry for 1944 has been 
reserved until ne^xt year. 

PROGRESS OF TELE-COMMUNICATIONS IN INDIA 

An unofficial note relating to the activities and 
developments of the Indian Posts and Telegraphs 
Department contains a useful account of the recent 
l)rogrcss of tele-communications in India. An exten- 
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sivc scheme for tcle-coinmunications development, 
estimated to cost Rs. 17,00,00,000 and scheduled to 
be completed in i944-45» was undertaken in the 
middle of 1942 in response to the growing needs of 
the Defence Department. The scheme provides for a 
five-fold increase in the number of telegraph and 
telephone channels between the main centres in India 
for civil and defence purposes and, in addition, s^cks 
to introduce extensive wire communications required 
by the Defence Services. One hundred and twenty- 
three thousiind miles of wire (with it, 000 miles of 
new routes) will connect all important cities, enabling 
a number of messages to be transmitted on a single 
pair of wires at the same time. Provision has 
also been made for the expansion of local telephone 
systems in various places, amounting to 20,000 new 
connections. Over 100 telephone and nearly .“^50 
telegraph channels are reported to have already been 
added. Nearly 2,000 miles of post route and over 
10,000 miles of wire have been erected .so far. Over 
and above this, 4,000 miles of line and 60,000 miles 
of wire have been erected for meeting the operational 
needs of the Defence Services since the outbreak of 
the war. 

It is heartening to learn of such expansion in the 
tele-communication services in India. But dispite 
all these expansions tele-communication services still 
cater to an insignificantly small fraction of the Indian 
population, crowded in a few scattered cities, large 
and small. These services are mostly unknown to 
more than 85 per cent, of India’s 400 million people, 
dwelling in about 700,000 villages, and as such arc 
fraught with the possibilities of an immense develop- 
ment in future when more men and women will be 
released from the plough to the factories. 

MICA ENQUIRY COMMITTEE 

Thk Central Government, according to a press 
note issued by the Labour Department, New Delhi, 
have appointed a Mica h'.iifiuiry Committee to enquire 
into the immediate as well as the long term problems 
of mica mining industry. The Hoii'blc Mr Justice 
E. E. Reuben, I.C.S., of the Patna High Court, has 
been appointed Chairman, and Rai Bahadur Rai 
Hardatta Prasad, Secretary to the Committee. The 
Committee will be assisted in their investigations by 
assessors from the mica trade and industry and by 
technical advisers from the Geological Survey of 
India and the Board of Scientific and Industrial 
Re.search. 

While the Committee will generally enquire into 
and report on all problems relating to the mica in- 
dustry and its present and future developments, it 
will specifically examine and report on immediate 
problems relating to the Mica Control Order, 1940, 
both in regard to war production and long term 


policy. The Committee will further review any 
orders that may have been passed by Government in 
connection with that Order, such as the present 
system of marketing both inland and abroad, standar- 
dization of quality, the extent to which alternative 
sources of supply may have jeopardized or are likely 
to jeopardize the position of India as the principal 
supplier of muscovite mica, the extent to which other 
materials that may be used as substitutes for mica 
may have displaced or are likely to displace .mica 
from its uses in the industry, increased utilization of 
mica in India for the manufacture of fiiii.shed goods, 
methods of development with special reference to re- 
search, conservation, mining, processing, ^marketing 
and meeting competition, and the desirability of 
setting up a suitable machinery whether l>y the 
appointment of a Central Mica Committee or other- 
wise to watch the interests of the mica trade and 
industry. The Committee will have its headquarters 
at Patna and will tour in mica mining areas to take 
evidence on the spot. 

THE GREAT ENGLISH INDIAN DICTIONARY 

Thk readers of SciKNCR Ant.> CuLTURii^ will be 
interested to know that the International Academv of 
Indian Culture has undertaken to prepare and publish 
an exhaustive Indian Dictionary of technical, semi- 
tcchnical and literary words covering the entire range 
of human thou.ght and life. The work started in 
IQ34 under the inspiring guidance of Dr Raghti Vira, 
the editor-in-chief and founder of the Academy, with 
the efo-operation of a number of distinguished 
scientists, linguists, literary men and educationists 
drawn from all i)arts of India and constituting the 
editorial board. The experiments in the formation of 
suitable terms could take the finished form only in 
IQ43, and the first fascicule was printed in. July 1943 
in Devanagri. This was soon follow'cd by the second 
fascicule which was issued in December, 1943 in 
Devanagri, Bengali, Kanarese and Tamil. Since then 
progress in the preparation of the Dictionary has been 
steady, and the first volume on inorganic chemistry 
has been completed. 

The Great English Indian Dictionary, as it has 
been .styled, will contain Indian equivalents for 
every word of the English language, literary, 
technical and semi-technical, covering about six 
hundred special branches of knowledge. The 
Oxford Dictionary in thirteen volumes and thp 
Webster’s Dictionary in two volumes serve as 
the main sources ior Engli.sh vocabulary. The 
Indian words arc derived from Sanskrit roots and 
stems and are such as arc usuable in the diverse 
literary languages of India and Ceylon, whether 
Aryan or Dravidian. Every word appears in four 
scripts, a.g., Devanagri and Bengali for Northern 
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India, and Canaresc and Tamil for Sonthern India. 
To indicate the range of information, attention may 
be drawn to the first volume on inorganic chemistry 
just completed. It contains the elements, their deri- 
vatives and compounds, symbols, prefixes and 
suffixes, etc. It has further been provided with an 
introduction dealing with some of the principles 
underlying the terminology and with two appendices 
containing the verbs derived from the names of 
elements and the names of rocks and minerals con- 
nected with the element names. 

The Dictionar>' appears in fascicules, and those 
of the first volume on chemistry are now appearing 
every nionth. The publication will cover a period 
of ten years and will entail a total cost estimated at 
about ten lacks of rupees. 

The importance of such a work need hardly be 
overestimated. TJie Dictionary, when completeil, is 
exiiected to serve as a valuable reference book for 
translators and authors of technical books in Indian 
languages, which arc destined to play a gre-at part 
in the future educational development of India. 

HIGHER SALARIES FOR TEACHERS 

At a meeting of the Teachers’ Committee on 
Higher Rducation, appointed by the Central Advisory 
Hoard of I^ducation, held in Simla on October 2 and 
attended by distinguished educationists from all 
parts of India, Sir Jogendra Singh, Member for 
Rducation, Health and Rands, said : 

“It used to be argued that te.'icliers sliouUl practise the 
virtues of conientment and plain li\ ing an<1 lake their 
vocation in a missionary spirit of service to the coiniiiunity 
and that they ought not to look for worldly reward. Teach- 
ing is indeed a fiirni of social service, but in the words of 
the McNair Cominiltce Report, like other professions 'it is 
also a bread and butter affair. The missionary spirit cannot 
be relied upon to maintain the. supply and the morale of 
millions of teachers.’ 

“There are in Hrilish India lb universities and 13 
higher institutions for research of uiiiversilv rank, besides 
430 colleges of different types aililiated to universities. It is 
not unknown to the members of this committee that grave 
liarni has l)ceii done to education by recruiting teachers on 
cheap salaries irrespective of their allainineuts, and some 
of the best minds have been lost to the profession owing 
to this fact. What was said in the earlier committee’s re- 
port is also true of university teachers. If the teaching 
service is to secure an adequate supply of the right type of 
people it must offer practical attractions comparable with 
those 'Which other branches of public services offer to their 
members.” 

It is encouraging to hear such words from the 
Hon’ble tlie Member for Education, Health and 
Rands. But criticisms of this type arc not new ; it 
is time for positive action and for the initiation of 
l>ractical steps to improve the teachers’ financial lot. 
We arc interested to know how and how soon the 
Government propose to give effect to their proposals 
for ensuing an adequate scale of salary for teachers. 


INDUSTRIAL RESEARCH 

Tui*: Industrial Research Plaimiug Committee, 
according to a report of Hindu, recently held meet- 
ings in Bombay to discuss ijrobleins of general 
sirengtheiiing of the scientific departments of univer- 
sities and scientific institutes of university rank, 
(jiiestions relating to the establishnieiit of administra- 
tive machinery for guiding and co-ordinating indus- 
trial research, and the setting up of a Bureau of 
Standards under the central organization for indus- 
trial research. Representatives of the University of 
Bombay discussed with the Committee questions re- 
lating to the making of a block grant to the univer- 
sities for the improvement of eiiuii)meiit in their 
c.\isting scientific departments and for the organiza- 
tion and development of new scientific departments 
according to the requirements and resources of differ- 
ent regions. The Committee fiirtlior met the repre- 
sentatives of the Indian ^lerchants* Chamber and 
the All-India Manufacturers’ Organization and dis- 
cussed the (luestion of eslal Wishing a suitable admini- 
strative machinery with ade luate representation of 
scientific and industrial interests ff)r guiding and co- 
ordinating industrial research on a comprehensive 
basis. In connection with this administrative machi- 
nery such questions as the exploitation of research 
processes through a National Hoard of Trustees and 
the extent to which available facilities in research 
institutions were used by industry were also discussed. 
Finally, the Committee examiued the possibility of 
estaldishing a Bureau of vStandards under the auspices 
of the Central Organization for industrial research and 
discussed the nature of the relationship the proposed 
Butipau should have with the National Pliysical 
Laboratory and various other testing laboratories. 

Rccoinmendations of the Committee are not yet 
available. Me.anwhile the All-India Manufacturers* 
Organization has submitted a iiienioranduin, and 
\vc understand that several of the recommen- 
dations contained in the memoranduni have been 
accei)ted for inclasioii in the Committee’s rei>ort. 

TRAINED PERSONNEL FOR INDIA 

At his first press conference after assumption of 
ollice, Sir Ardeshir Dalai, Member for Planning and 
Development, explained the Government ix)licy re- 
garding the problem of the supply of trained per- 
sonnel in India. He expressed his conviction that 
the training of scientists, engineers, geologists, 
doctors, agriculturists, educationists, administrators 
etc. for innumerable different jobs requiring their 
services was the most essential preliminary step. “To 
my mind,’’ said Sir Ardeshir, “the question of per- 
sonnel is probably the most serious of the difficulties 
in the way of planning and is likely to impose well- 
defined limits to the pace of development’’. The solu- 
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lion, in his opinion, lies in the ex|)ansion and multi- 
plication of educational institutions and in the gener- 
ous provisions for scholarships and research student- 
ships to enable Indian students to prosecute higher 
studies both in this country and abroad. Sir Ardeshir 
revealed that the Government intended to .send a 
large number of men to receive training in the U.K., 
and the U.S.A. in the near future. In fact, Mr John 
Sargent, Educational Adviser to the Government of 
India, has now been visiting these countries with a 
view to exploring the possibilities of making such 
arrangements and is expected to submit his detailed 
scheme when he returns to India. Furthermore, the 
Government now have had under consideration the 
establishment of a very high grade technological in- 
stitute on the lines of the M.I.T. in the U.S.A. and 
also of an All-India Medical Centre. 

PROPOSED PANELS FOR INDUSTRIES 

Tag first meeting of the Policy Committee on 
Industries, which took place towards the end of 
October, provided another occasion for Sir Ardeshir 
Dalai to revert to the Government policy particularly 
with regard to the development of industries. The 
Government, it would appear, are inclined to favour 
the development of industries on a regional basis. 
The provinces have been requested to form develop- 
ment committees and offices of their own and draw 
up plans for the establishment of industries suiteil 
to their areas. But what is more important the 
Government have proposed to set up a number® of 
panels for investigating the problems of the develop- 
ment of individual industries or groups of industries. 
The final plans will be developed after due considera- 
tion and co-ordination of the proposals put forward 
by the provincial committees and panels for industries. 

It is proposed to attach to each of these panels 
one or more experts, according to requirements, as 
well as a permanent officer of the Planning Depart- 
ment. The panels will be constituted in close con- 
sultations with the Supply and Industries and Civil 
Supplies Departments. It may be necessary to obtain 
the services of .some experts from outside to tleal wdth 
certain industries. Where there are fully represen- 
tative and authoritative associations representing any 
particular industry, such as the Central Board for the 
cotton textile industry, set up by the (Tovernment 
and fully capable of dealing with all questions 
pertaining to this industry in India, creation of panels 
is unnecessary and will not be attempted. But such 
associations arc not many, and panels may be 
profitably established in several industries and groups 
of industries. Besides there are industries involving 
highly complicated technical processes, which would 
call for the advice of more than one expert to decide 
the feasibility of establishing them in this country. 
Shipbuilding, air-craft, manufacture of large electrical 


machinery, plastics, dyestuffs etc. are instances of 
such industries, panels for which will make general 
recommendations regarding their feasibility and 
location. 

Sir Ardeshir assures ns that it is the intention 
not only to start new industries and to maintain and 
expand the existing ones with the help of imported 
machinery, but to make, as far as possible, such 
machinery in this country. 

FRENCH SCIENCE DURING GERMAN OCCUPATION 

The American weekly Time, October i6th, 1944, 
gives some news of the work of the French scientists 
during the German occupation of France. Paul 
Langevin, the 72 years old veteran physicist has 
returned to Paris from Switzerland ; a reception was 
given at Sorborne in his honour. Eangevin was 
arrested in October 1940 while at his post in L’Kcole 
dc Physique. After being imprisoned for two months, 
he w^as released as a result of protest riots in which 
several students were killed. The underground 
movement helped him to escape from house arrest at 
Troyes and cross the border. His son-in-law, Jacques 
Solomon, was amongst the organizers of the clandes- 
tine scientific journal Z*Univusiie IJbres. It is 
reported that all of the organizers w’ere shot by the 
Nazis. Fedric Joliot, son-in-law of Madame Curie 
had his troubles. His laboratories at Paris and Tvry 
were seized in June 1941, and he had a twelve hour 
ordeal with the Gestapo. He came through well 
enough to get back his laboratories and the only 
French owned cyclotron and a precious slock of 
radium. 

It appears that Alexis Carrel, the w-cll-knowii 
experimental biologist and author of the books ‘The 
Culture of Organs’ and ‘Man the Unknown*, was the 
only first rank scientist who collaborated with the 
Vichy Government ; he was provided with plenty of 
funds for investigations of human problems discussed 
in his last named book. After the liberation of Paris, 
Carrel was suspended from his post as director of the 
research foundation which is being placed under a 
•new management by Joliot. 

NEW FELLOWS OF THE NATIONAL INSTITUTE OF 
SCIENCES OF INDIA 

At the meeting of the Council of the National 
Institute of Sciences of India, held on the 30th Octo- 
ber, 1944, the following were duly declared to have 
been elected Ordinary and Honorary Fellows of the 
National Institute : 

Ordinary Fruows 

Prof. Bashir Ahmad, Professor of Organic and 
Bio-chemistry, Punjab University, Lahore ; Prof. N. 
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M. Basu, Senior Professor of Physiology, Presidency- 
College, Calcutta ; Dr P. N. Bhaduri, Lecturer in 
Botany, University College of Science, Calcutta ; 
Dr P. K. Bose, Deputy l^rector of PrrKluctions of 
Drugs and Dressings, Department of Supply, New 
Delhi ; Dr Hatnid Khan (Bhatti), Game Warden, 
Punjab, Lahore ; Dr S. B. Khastgir, Reader in 
Physics, Dacca University, Dacca ; Dr M. G. Kini, 
Surgeon and Superintendent, Stanley Hospital, 
Madras ; Dr Subodh Mitra, Associate Professor of 
Midwifery, Carmichael Medical College, Calcutta ; 
Dr G. Panja, Professor of Bacteriology and Pathology, 
School of Tropical Medicine, Calcutta ; Prof. B. 
Sanjiva Rao, Head of the Department of Chemistry, 
Mysore University, Bangalore ; Mr S. N. Roy, 
Lecturer in Statistics, Calcutta University, Calcutta ; 
Dr B. N. Uppal, Plant Pathologist to Government of 
Bombay, Poona. 


Honorary Fki,w>ws 

Sir Henry llallett Dale, President, Royal Society 
of London ; Prof. A. V. Hill, Secretary, Royal Society 
of London. 


ANNOUNCEMENTS 

We regret to announce the death of Prof. Sir 
Ralph Fowler, F.R.S., Plummer Professor of Theore- 
tical Physic-s, Cambricigc University, at the age of 
fifty-five. He was the son-in-law of Lord Rutherford. 
We shall publish a biographical sketch of this well- 
known mathematical physicist in our next issue. 

We deeply regret to record the death of Sir 
Arthur Kddington, Professor of Astronomy in the 
Cambridge University and Director of the Observa- 
tory at Cambridge at the age of 6 i. He was one of 
the leading astro-physicists of the present time. The 
world science has sustained an irrei>arable loss 
through his death. A fuller account of Sir 
I£ddington’s life and" work will be published in a 
subsequent issue. 

News has just been received from London that 
Mr B. B. Ray, B.Sc. Hons. (Physics) Calcutta, 
B.Sc. Hons. (Eng.) London, M.Sc. (Eng.) Loudon, 
A.M.I.E.E. has been admitted to the Fellowship of 
the Institute of Physics, London. It is understood 
the honour was bestowed on him on the merits of 
his work in connection with voltage regulation 
problem. Mr Ray is at present in charge of Electri- 
city under the Government of Orissa. 


SCIENCE IN INDUSTRY 


COLOUR TELEVISION 

Some lime ago, a reporter of the News Chronicle 
related the story of the three dimensional colour tele- 
vision developed and recently demonstrated by Mr J. 
L. Baird. The new television set is the result of 
throe years of research and for the first lime makes 
possible the recei)tion of television in colour as well 
as in depth so as to make the images closely re- 
semble objects in three dimensions as well as in 
natural colours. A short account of the technical 
features of the television set has appeared in Nature, 
September 23, 1944- 

In his new set, Mr Baird has dispensed with the 
mechanical moving i 3 arts such as the revolving di.sks 
and lenses and has introduced electronic devices. He 
has developed a special cathode ray tube, termed a 
‘Telechrome’, which reproduces the received pic- 
tures. The tube is provided with a doubled sidal 
transparent screen coated on both sides with fluore- 
scent pow'ders of the appropriate colours. Two 
cathode ray beams modulated by the incoming signals 
corr^ponding to two pictures of a subject, taken in 


in'iniary colours, arc allowed to impinge oMiquely 
oil opposite .sides of the screen. The screen develops 
on its front face an image containing the orange-red 
colour conipcmeiits and on its back an image with the 
l)lne-grecn coinpoiicnls. The two images !)leiid and 
give rise to an image in natural colour. The pictures 
in colour have further been used to i)r()duee sterio- 
.scopic effects. 

Mr Baird demonstrated the reception of colour 
television with the help of sucli a tii]>e containing a 
screen, 10 in. in diatuetcr. Pictures were received 
from a fKoo-linc triple interlaced moving spot Iran- 
sniillor using a cathode ray lube in coin])inalion with 
a revolving disk with orange-red and blue-green 
filters. The screen developed a very bright picture 
with good inalching of colours, due partly to the 
absence of colour filters and partly to the use of 
special fluorescent powders. 

Mr Baird is also reported to have perfected 
another metliod in which he has used three colours. 
The back of the screen which is ridged is coated with 
blue and green powders. The blue and green pictures 
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are transmitted on the back of the screen, while the 
third beam containing the red component of the pic- 
ture impinges on the front o^ the screen. 

RELAXATION METHODS 

Tiiii calculation of stresses in highly redundant 
frames has always presented a complex and lalxtrious 
problem, -i^vcral methods have been devised for 
their solution, and the one that has been lately pro- 
pounded is the Relaxation method. It has been 
worked out by Professor Southwell, F.R.S., the dis- 
tinguished designer of aircraft structures and investi- 
gator of the Theory of Elasticity. In this method 
he has sought to assess the range and power of a 
new approach to physical and engineering calcula- 
tions by. what is termed “the systematic relaxation 
of constraints.** By the orthodox methods viz,, those 
based on Castigliano's principle of minimum strain 
energy, attention is focussed on the quantities whose 
values are sought, with the result that some difficulty 
is experienced in trying to formulate and solve the 
large number of simultaneous equations involved 
therein. In the Relaxation method the procedure is, 
as it were, reversed, attenton being concentrated on 
the specified quantities viz,, the external loading, 
and not on the quantities whose values are sought, 
these quantities in a braced framework representing 
the stresses or joint displacements in the required 
configuration. The object of this reversed procedure 
is to liquidate the external forces, by relaxing each 
specified constraint which is imposed on a joint, in 
such a way, that after a few operations the magnitude 
of the residual forces is very negligible. Thus, 
though the Ihiuidation is not exact, it is always 
within some margin, covered by the practical margin 
of uncertainty. The logicality of this statement is 
based on the fact that it is only in theoretical or in- 
vented problems that the external loading and other 
data can be specified with certainty : in practice load- 
ings are uncertain to the same or very nearly the same 
extent as the elastic nature and properties of the 
structure. 

The distinguishing feature of this method, as 
compared with the other already in use for the 
determination of stresses in statically indeterminate 
structures, is that although attention is concentrated 
on residual forces, the operations required for their 
li(luidation are also recorded,* with the result that 
action in each and every member of the framework 
can be readily computed, i,e,, not only are the values 
of stresses available, but even the resulting distortion 
of the framework can be deduced. Besides, redun- 
dancy has almost no effect upon the time required for 
the solution, which, as it were represents the most 
significant feature in the Relaxation method. 

As the basis of the whole Relaxation procedure 
rests on fundamental principles of Statics, the present 


method is found to have applications in far wider 
fields in engineering. By the use of what is termed 
Block and Group Relaxations, stresses and strains can 
be conveniently determined in a framework of several 
bays, (like a Warren truss) or in a continuous beam 
having several supports, or in the wing spars and bays 
of aeroplanes, which present by far the most com- 
plicated of all the problems in stress analysis. 

In fields where investigation is still continuing. 
Relaxation methods are applied to the problems of 
free and forced vibrations, torsion and flexure pro- 
blems of St. Venant, determination of currents, and 
potentials in electrical networks and the normalization 
of simultaneous equations. 

Poisson’s equation in two dimensions, when solved 
by Relaxation methods, finds application in the 
theories of Elasticity and Earth Pressure, in problems 
of Plastic Torsion, and the stiffened Suspension 
Bridge, the latter in connection with non-linear 
systems. 

It is hoped that these, and the further investi- 
gations which take place Avill materially benefit the 
science of engineering in all its branches, and lay in 
the hands of a designer a powerful and useful tool, 
for all types of complex structural analysis and re- 
search. 

S. K, G, 

RADIO HEAT DEHYDRATES PENICILLIN 

Dehydration of penicillin has presented a great 
problem to vacuum engineering. Ordinary methods 
of evaporation by heating are, however, not appli- 
cable as these involve the risk of the loss of potency 
of the drug. Accordingly, the process of bulk reduc- 
tion by evaporation in a high vacuum at temperatures 
below the freezing point has been frequently resorted 
to during recent years. Guch methods arc technically 
described as “freeze-drying**. 

Meanwhile, according to a report in Science, Dr 
George H. Brown, research engineer of tlic Radio 
Corporation of America, has developed a method of 
dehydrating penicillin by radio heat, which is reported 
to be forty-eight time as fast as the present “freeze 
drying** method. Experiments on this electronic 
process were carried out at the new E. R. Squibb peni- 
cillin production plant at New Brunswick. The speed 
of drying may be reflected from the fact that in 24 
hours enough penicillin was dehydrated to treat 4,000 
patients each requiring 500,000 units of the mold 
chemical. Besides the saving in time, tlie new electro- 
nic process has several other advantages of which the 
following may be mentioned : (t) Reduction in operat- 
ing cost equivalent to the saving of one ton of dry 
ice a day or about 65 per 24 hours, (2) Reduction in 
maintenance costs, (3) Smoother flow of productions, 
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(4) Reduction in floor space requirements by nearly 
10 times, (5) Saving in initial investment of several 
hundred per cent. 

VERNALIZATION OF RICE 

This method of inducing carliiicss and increased 
yield of rice is reported by Dr S. M. Sarkcr of the 
Botany Department, Calcutta University, in Nature, 
March 25, 1944- 

In a winter variety of rice c-.j?., Bhasamanik, 7 
days old seedlings were exposed to short days (8 to 10 
hours of daylight) for varying periods up to 6 weeks 
in the seed bed. The seedlings were later transplanted 
in pots and grown in the field under natural long 
days. This accelerates ear enicrgencc by about 10 
days and increase grain yield by about 16 per cent. 
With prolonged short days t.c., until the ear emer- 
gence, earliness was induced by a!)out 25 days and 
increased grain yield by 35 per cent. The application 
of the method in field practices is only possible by 
the treatment of seedlings in the seed bed. 'I'liese 
results are of remarkable agricultural importance for 
the variety of rice grown after transplantation. 
In temperate cereals c.g., wheat and winter rye, 
similar carliness in flowering has also ‘been effected by 
seedlings treated to exposures of different light 
periods. 

BEEDi LEAF INDUSTRY IN INDIA 

Duk to the shrinkage of imports of cheap foreign 
cigarettes owing to the war, the heedi leaf industry 


is expanding very rapidly. Revenue from this pro- 
duct has become one of the most important items of 
forest revenue. 

The Indian forest leaflet No. 60 (silviculture) 
contains all the information that exists with a view 
to helping increased and better production of the 
cheap smoke. The subject is of groat importance as 
in the i)resent war conditions the demand for tobacco 
paper has increased enormously. 

The object of this note is to indicate what type 
of experimental research is necessary for improving 
the production and quality of loaves for beedi 
wrappers. The leaves *>f many indigenous plants are 
used for wrapping tobacco, but Diosfyyros mcia- 
noxylon is the si)ccics per excellence generally T)re- 
ferred due to the peculiar flavour, flexibility in 
texture and resistance to early decay, as compared 
with the loaves of other species. Dioxpyros mcla- 
noxylon is one of the characteristic trees of the dry 
mixed deciduous forests of the Indian peninsula. In 
Bihar, Bombay, Central Provinces, Madras and 
Orissa, this is extensively used for ht edis. 

Details of t|nantity and (piality of production of 
these leaves, of the liiiic of collection, processes of 
drying, storage, packing and transport, and sugges- 
tions for experimental research with regard to ])ollard- 
ing and methods of drying which is subject to varia- 
tion.s of weather c.g,, heav>' rainfall, arc detailed in 
this leaflet. 


SOME ASPECTS OF FRUIT CANNING INDUSTRY 

SURESH M. SimiN.-\ 

DKPARTMF.NT OP CHEftflSTRY, IXPUINSTONR COM.IOGK, IWIMKAY 


TF photography has brought to us the panoramic 
sites of various countries, if radio ha^ brought the 
lilting melodics of different people of the world, 
canning has done much more. It has brought the 
delicacies of different nations to our dinner table. 
No longer need we dwell in the realm of imagina- 
tion as to the flavour of the Californian string beans 
or Hawaiian pine apples or English strawberries, we 
can taste them. The fruit canning industry has made 
fruits such as peaches, apricots and pine apples fami- 
liar to hundreds of thousands of families all over the 
world who would have known of these only by sight 
or names. It is the convenience rather than the 
cheapness that is the main attraction of canned foods 
and these are available in all their variety at any 
time of the year and in any climate. Canned food 


is ready for serving and therefore there is very little 
wastage and further expense. Canning has done 
much more. It has helped armies fighting in out of 
the way place.s, navies guarding isolated places of 
strategic importance and explorers exploring the 
wilds of Africa or the snowy expanse of the Arctic or 
Antarlic to enjoy rich nourishing food in their natural 
flavour. 

The old methods of drying, salting and smoking 
served the purpose to some extent but it was felt in 
the latter half of the eighteenth century that some 
better methods of preserving foods should be found, 
methotls which could protect foods from spoilage for 
a considerable period. Young Nicholas Appert, 
brought up as a chef, had set up in business as a 
maker of confections in Paris. In al)out 1780 he felt 
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such a necessity and the year 1794 opening; 

of a small factory by Appert for bottling of foods, 
lie tilled the food stuffs in a wide mouthed bottle, 
kept them standing brimful in boiling water for some- 
time and then sealed them with alternate layers of 
cork and wax. 

The introduction of tin canisters for the purpose 
of filling food by Peter Durand in 1810 in England 
was a great advance in the cantiing industry and 
since then this industry began to develop in England, 
America and Europe. The tin can has gone through 
iiunierous iiiiprovemciits. The cumbersome use of 
cans with vent holes which were exhausted and then 
scaled with solder was replaced by the invention of 
open topped can which is a land mark in the history 
of canning industry. Today various types of cans are 
available— t)lain tin cans, lacquered tin cans and cans 
’with special enamel linings to prevent the bleaching 
of coloured fruits and the staining of the inside of 
the can such as occurs with sulphur bearing fruits 
and vegetables and meat products when packed in 
])lain cans. 

Fruit Canning Operations 

The fruit canning operations whether done with 
hand or by machines arc essentially the same. The 
fruits to he canned are first sorted, graded and 
washed. Then the stalks and calcyces are removed 
and the fruits are peeled, cored and trimmed or cut 
into slices. Next they are steam blanched and filled 
into cans and syruped. The .skins of certain fruits 
like peaches have to be softened by scolding them 
in hot water or steam or by the use of caustic soda 
or lye (lye-peeling) for a few seconds, the strength of 
the solution being about i to 3 per cent. The 
blanching of fruits and vegetables either with steam 
or hot water has the additional advantage of -soften- 
ing and shrinking them in order to obtain a well 
filled can or bottle after cooking, as also of driving 
out from the tissues a great deal of air which might 
otherwise remain to promote corrosion. Tlie quan- 
tity of fruit and sugar used in canning has to be care- 
fully controlled both from the point of view of flavour 
and economy. 

Syriiping over, the cans are exhausted by 
inimersing the open cans filled with fniit and syntp 
as hot as possible, in a large covered tank containing 
hot water, to within one inch of their top and made 
to travel through at a regulated rate. The water in 
the bath is kept at about iSo—iqo^F and the cans 
usually emerge with their contents at a temperature 
of about ifio^F. The lids are then placed in position, 
automatically clinched on and rolled tight by the 
double seaming machine. Then comes the sealing 
and this is a very important process as the success 
of the whole canning process depends on obtaining 


a perfeeft seal. This too is a mechanical process. The 
next operation is that of processing of canned fruits 
which has for its object the destruction of bacteria 
and fungi which would otherwise cause spoilage. 
With fruits this operation is rendered comparatively 
easy on account of the high acidity of the products 
and they are readily sterilised at the temperature of 
l)oiHng water or even at a lower temperature. With 
vegetables and meat it is more difficult. The latter 
are subject to spoilage by thermophilic and other 
heat resisting spore forming bacteria among which 
is the well known Bacillus botulinus. They must 
therefore be sterilised by heating in retorts at tem- 
peratures of 240^ or 25 o®F for a length of time 
suflicieiit to destroy such organisms. After sterilisa- 
tion the cans are cooled, labelled and stored in the 
proper place so as to avoid getting rusted. 

Of late, bottling of fruits has been practised 
extensively. The advantages of bottling are — the 
almost complete elimination of the trouble of corro- 
sion except of caps in the case of bottles with metal 
caps and the visibility of the product from the out- 
side thus enabling the consumer to actually see what 
he is buying. Against these arc the disadvantages of 
breakages during tran.sport or sterilisation and the 
decolourisation of some fruits, especially red fruits, 
due to exposure to light. The process of bottling 
fruits is essentially the same as the canning of fruits. 
The trouble of corrosion has been eliminated by the 
use of caps which have been lacquered inside and 
with rubber gaskets to fit tightly. Breakages have 
been reduced by the manufacture of glass which can 
withstand sudden changes of temperature. 

Spoiuge op Canned Fruits 

Spoilage of canned fruits may be due to various 
causes. It may be due to the growth of micro- 
organisms such as moulds, yeasts or bacteria, present 
either through under sterilisation or leaks, due to 
the corrosion of the tin or iron of which the can 
is made resulting in discolouration of the contents 
and in the formation of hydrogen swells and perfora- 
tions or due to the over filling of the cans or the use 
of dented or rusty cans. 

Hydrogen .swells and perforations are caused by 
the formation of hydrogen in cans by the action of 
the fruit acids on the tin and iron of which the can 
is made. When this attack is concentrated at certain 
spots so as to cause pitting, the can may actually 
become perforated. Other causes of hydrogen swells 
are the presence of^ substances such as sulphides 
which accelerate corrosion of iron with products of 
high acidity, storage of canned goods at high tem- 
perature, ineflident cooling of the cans after pro- 
cessing, presence of substances which encourage 
detinning and so on. The remedy for this trouble lies 
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in proper control in the factory, especially in filling, 
exhausting and sealing, by storage in cool places, use 
of sugar free from sulphur compounds and by ad- 
justing the acidity of the syrup. 

Discolouration of canned fruits may be either 
due to injury or over riping or due to the presence 
of sulphur compounds in the sugar used or due to 
the use of sulphur sprays or fungicides on the fruits 
used for canning or due to the presence of sulphur 
compounds in the fruit itself. Fruits containing 
authocyanine like various berries often undergo 
changes due to contact with metals like iron, 
aluminium, copper, tin etc. Pipes, pans, utensils etc. 
should therefore be made of stainless steel or other 
metals which do not affect the authocyanius. Many 
fruits like apples, pears and peaches rapidly turn 
brown or show other colour changes. Such fruits 
have been found to contain what is known as the 
oxidase system which is a system of enzymes which 
acts upon certain aromatic substances. This system 
is completely destroyed by heat and it is checked in 
its action by storage at 32®— 4o®F or by a weak brine 
or sugar solution. Kach fruit has its own idiosyncrasy 
and the 1)e.st canning conditions have to be evolved 
for each fruit separately. Hirst and Adam' have 
published a useful report dealing with the idiosyncra- 
sies of various fruits and the steps which should be 
taken to reduce the trouble. The review of Ball* on 
the different methods for sterilising canned foods and 
tliat of Cameron* on the control of contaminalion 
both of the raw products and in the canning plant 
may also be read with profit by the canners. 

Canned foods and HEAi/rn 

Canned foods may be harmful for three reasons. 
They may not be as nutritive as fresh foods, iwison- 
ous products like tin and lead salts may have been 
formed and lastly harmful bacilli might be present. 

* With regard to the nutritive value of canned 
foods it has been found as a result of extensive work 
that the nutritive value of. canned foods does not 
cliange much on canning. Loss of vitamins is not 
much and is certainly never more than that occurring 
in ordinary cooking. It has been found that with 
lacquered cans the tin content after a year’s storage 
rarely exceeds 30 parts per million. Therefore, for 
practical purposes tin poisoning from canned foods 
docs not occur. With regard to lead poisoning it has 
been found that except in very rare cases there is 
no risk of lead poisoning from canned foods. 

Another type of poisoning known popularly as 
Ttomaine poisoning* hindered the growth of canning 
industry for some time, especially in America. 
Ptomaines are poisonous substances in the product 
present only when the process of decomposition has 
advanced so far as to make the food-stuSs too revolt- 


ing to be eaten. The assertions that ptomaine poison- 
ing was due to canned foods have been more often 
than not found to be entirely without foundation 
though it must be admitted that the toxin type of 
outbreak is sometimes associated with canned foods 
for it so happens that in processing though the living 
bacilli are destroyed the heating is not invariably 
successful in destroying the preformed toxins. In 
many cases it has been found that the outbreak of 
epidemics from eating canned foods have been traced 
to products of low acidity canned in home under 
conditions of inadequate heat .sterilisation. 

A few years back a large scale investigation* was 
carried out in ISngland in which nearly 1700 rats 
were used in four successive generations. One group 
was fed entirely on canned foods, the other on the 
comparable fresh foods. It was found that the per- 
formances of the two gToui)S in respect of breeding, 
growth and composition of the lx>dy as a whole as 
well as of the bones and teeth separately were in 
all respects comparable. 

The practical experience of the French Mission 
to Greenland in 1932-33 when 15 men lived for 13 
months on canned foods almost entirely without fresh 
foods and found no poisoning or nutritional defects 
and the millions of people who cat canned foods day 
after day without any ill effects arc elo(iueut testi- 
monies to the harmlessncss of canned foods. 

Fruit Canning Industry in India 

The growth of canning industry in India is ot 
recent origin. Still it is in its infancy. vSmall scale 
fruit canning is being done all over India but there 
are only about half a dozen canneries in India which 
may be considered to be of some importance. Though 
our fruit production is very much short of recpiirc- 
ments from the point of view of nutrition and .self 
sufficiency, with the extention of fruit plantations it 
is necessary to develop the fruit preservation indus- 
tries in order that the produce may not go to waste 
when transport is not available or due to a glut in 
the market, but besides these to replace the present 
iraiKirts of preserved fruits by our own and to develop 
a foreign trade in preserved fruits and thus bring 
prosperity to the poor horticulturists of this country. 

It is necessary to encourage the consumption of 
fruits by cheapening them owing to the nutritive 
value of the fruits and canning of fruits ensures this 
supply to those who can afford them in the off- 
season. The area under fruits and vegetables is about 
I '9 per cent of the net area .sown if the figures for 
the year 1939-40 arc taken. There is a considerable 
amount of uncultivated land classed as ‘'cultivable 
waste other than fallow” by which is meant land 
available for cultivation but not taken up or aban- 
doned, and “current fallows” by which is meant land 
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left uncultivated for a certain period. A part of such 
land may l)c brought under fruit cultivation wherever 
facilities for irrigation exist by encouraging such cul- 
tivation by granting concessions to those who arc 
prepared to do so. Hilly regions offer scope for 
English and Mediterranean fruits and the plains and 
the peninsular area for tropical and subtropical fruits. 
The inforniation in respect of each fruit regarding 
the soils and climate suitable and the other factors 
i^ecessary for the successful cultivation along with 
the survey of pests and diseases and their remedies, 
manurial treatments for different fruit plantations 
with the time of application and other inforniation 
of importance to the fruit growers like .sorting, grading 
etc. of fruits should be disscniinatcd through the 
proper agencies like the govern merit department of 
agriculture in a language which the cultivators can 
understand. 

Extension of fruit cultivation would be also 
desirable because “the cultivation of fruits leads to the 
cinployment of far more labour than the cultivation 
of other croi)s“ (Sir John Russell). There is ample 
market for fresh fniits in this country and if the 
fruits can be sold at cheaper rates than is now being 
done, by extensive cultivation, cheaper transport etc. 
many more people will be able to buy fruits and this 
will result not only in an improvement in the con- 
dition of the fruit groivcrs but will improve the con- 
dition of malnutrition so widely prevalent in this 
country. 

Rkquirrmknts of Eruits for Canning** ' 

Fruits meant for canning have to fulfil certain 
requirements and these arc to some extent different 
than those of the fresh fruit market. Canneries 
accept generally only those varieties which remain 
firm and lose little of their colour when .subjected to 
the heating and sterilising i)rocesses. Appearance is 
important many a times more than the flavour and 
the interplay of these two cpialities flavour and 
appearance therefore affect the course of the indus- 
try. This ncccssitalcs those in charge of canneries 
to be in direct touch with the market and study its 
likes and dislikes. 

The fruits for canning must be of similar grades 
so as to maintain a regularity of count in the canned 
products which is essential not only for the restaurant 
or catering trade but also for the private consumer 
to whom it would be irritating if the can cannot be 
relied upon to give the usual number of pieces. 
Another factor of vital importance to the canning 
industry is the regularity of supplies of the raw pro- 
ducts at prices that fluctuate little from year to year. 
If the supplies arc not regular the smooth working 
of the factory is bound to be hampered, labour will 
have to be kept idle or turned out, thus endangering 


harmonious relations between capital and labour, 
overhead costs are bound to bo higher for these will 
be lowest per tin when the factory works at its 
maximum. 

Sulphur dioxide must not be used for preserving 
fruits intended for canning. Similiarly the use of 
sulphur sprays or fungicides may also give the canned 
fruits a disagreeable odour. 

Colour, flavour and texture are important con- 
siderations in choosing the time for picking and the 
particular variety of fruit to be canned. It is there- 
fore essential in view of the considerations outlined 
above that the grower should study the needs of the 
cannery and jilan his production accordingly. In 
countries like the U.8.A., Canada and South Africa 
which have advanced considerably in fruit canning 
industry the cannery agrees to buy the whole crop 
from a stated acreage at a fixed price per ton, if the 
production be of a certain standard. The canneries 
usually employ a field man to advise growers on 
choice of varieties and other problems of cultiva- 
tion. 

CONTAINKRS 

In the fruit canning industry the cost of the con- 
tainer is one of the main causes of great disparity in 
the price of the raw fruit and the canned article and 
forms more than of the total cost of production 
even in foreign countries well advanced in canning 
industry." In India it is .still more and is over 
the total cost of production as we have to import 
the containers from outside. The cans used in 
general are wrought iron tin plates which are 
lacquered. Such plates are not manufactured in India 
at present. Even if the tin plates arc manufactured 
in India the question of satisfactory lacquering will 
remain. Other types of containers like suiUdde types 
of bottles and jars aic not available in large quanti- 
ties and the few available arc costly. If the cans are 
manufactured in India the cost of production will 
decrease as the cans wjll be available at about 30 
to 40 per cent less price. It is therefore necessary 
that along with the establishment of fruit canning 
factories cither the canning factories themselves or 
some other parties undertake the manufacture of cans. 
The price of the containers is a factor of vital im- 
portance for the success of the canning industry and 
self-sufficiency against foreign sources of supplies of 
containers would be a great step towards the success 
of our canning industry. 

Standards for Canned Fruits 

In all the countries with well advanced canning 
industry there are certain standards known as the 
quality standards according to which the products 



medicine and public health 


251 


December, 1244 

are classed. Complex regulations have been enforced 
on the canning industry in various countries to pro- 
tect the consumer, the grower and the canner alike 
from each other and amongst themselves in the case 
of the canners. Standards are provided for syrup 
strength, colouring matters to be used, forms of re- 
cords, labelling eciuipment, factory procedure, stock 
control and so on. Countries like U. S. A. and 
Great Britain have even reduced the number of can 
sizes and specifications for the capacity, height, 
diameter etc. are given. These standards are fixed 
up by boards consisting of representatives of industry 
and government. It is needless to say that in this 
country also standards must be fixed by the govern- 
ment or by a board consisting of representatives of 
canning concerns and the government to put u check 


on spurious products being sold and also to let the 
public know what they are buying. The U. S. A. 
Department of Agriculture is responsible for grade 
definitions covering production throughout the States. 
In Hngland the Ministry of Agriculture originated a 
voluntary .scheme in June 1930 knowm as the 
National Mark Scheme and set up standards. The 
“Australian Canned Fmits Control Board** regulates 
the industry in Australia. “The Central Board of 
Pineapple Packers, Malaya** regulates the pincaiiple 
canning industry in Malaya. The government 
exercises control over these Imards and hence over 
the industry through their representatives in these 
boards. 

(To be continued) 
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VACCINES WITH ULTRAVIOLET LIGHT 

A NKW method of preparing vaccines against a 
number of diseases, entailing the use of ultraviolet 
light, has been reported in the Journal of the A 
can Medical Association (June 24). The use of ultra- 
violet light to inactivate germs is, however, not new 
and was practised in the past witlr varying degrees of 
success. But the old technique freciuently destroys 
not only the germs but also their immunizing pro- 
perties. f)n tile other hand, insufficient irradiation 
failing to destroy the di.sease-causing property has on 
more than one occasion produced fatal results. 
Accordingly, the older technique hardly guaranteed 
the production of uniformly safe and potent vaccines. 

The new method employing ultraviolet light, it 
is claimed, completely and almost instantaneously 
kills germs of both bacteria and virus classes with- 
out destroying the potency of the vaccines. A newdy 
developed ultraviolet lamp serves as a i)owcrful 
source of both total and extreme ultraviolet light, 

the extreme being below 2,000 A. Germs in suspen- 
sions exposed to such ultraviolet light in continuously 
flowing thin films are killed in less than one second. 

The vaccines thus produced appear to be equal, 
or superior in antigenic potency, to thermally killed 
vaccines prepared from the same bacterial suspen- 
.sions. For instance, rabies vaccine prepare^ by the 
new technique induced a higher degree of immunity 
in mice than vaccines in which germs had been 
killed by phenol. Six month’s storage at a tempera- 


ture slightly above the freezing point did not adverse- 
ly afTect the potency of the vaccine. Animal cxi)cri- 
menis with a vaccine against sleeping sickness, pre- 
pared according to the new method, indicatwl that 
mice indeed developed a high degree of immunity. 

A number of vaccines such as those against 
typhoid fever, pneumonia type 1, and salmonella 
enteritidis (responsible for food i)oisoning) have 
already been i)rcparcd by this method. 

WORK ON INFLUENZA AND A NEW KIND OF 
PNEUMONIA 

A Science NcTt^s Letter report places on record 
the results of inve,stigatioiis of a number of U. S. 
doctors working for the Army regarding the vaccina- 
tion against influenza. It was known from ])revious 
experiments that inhaling sprayed blood serum from 
persons recovered from influenza would protect 
against the disease. But results obtained by such 
inhalation are not always assuring. This led the 
investigators to try the vaccination method in the 
case of influenza, and the results appear to indicate 
that vaccination offers more hope of protection 
against influenza. 

The serum they used for testing the value of 
third method of giving protection against influenza 
was not the same as that used in tests at the Naval 
Laboratory Research Unit at the University of Cali- 
fornia under the direction of Capt. Albert P. 
Krueger. In the Navy tests a globulin fraction of 
influenza immune horse, not human, serum was 
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found to give protection to laboratory animals. 
Although this is encouraging, nothing conclusive as 
to results of human immunization is known yet 
because tests have not been carried out on a large 
enough scale. After two years of study of the pro- 
blem, however, Capt. Krueger's group is coming 
more to the view that injecting the serum under the 
skin would be more practical than giving it by in- 
halation because of the greater certainty that the 
necessary amount would be assimilated. 

The report further refers to a study of a kind 
of pneumonia which has recently caused great 
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anxiety in some parts of the Tennessee Valley.' This 
is variously known as virus pneumonia and primary 
atypical pneumonia. It has symptoms different from 
those of pneumococcal pneumonia and does not 
rcsi>ond to treatment with serums or sulpha drugs. 
Such primary atypical pneumonia has been tran- 
smitted for the first time by spraying washings from 
the noses of persons previously suffering from the 
disease into the noses of healthy, sound objectors 
who volunteered for the purpose. Such transmission 
studies may help to isolate the germ for which work 
is now in progress. 


SOME TRENDS IN BACTERIAL CHEMOTHERAPY 

S. RAJAGOPAbAN 

DEFARTMENT of chemistry, presidency COLIRGE, MADRAS 


rpHE endeavour of man to search out the right 
chemothcrapeutical agents to combat infectious 
diseases has been crowned with success only in recent 
times. Most spectacular in degree of success has 
been that attained in this decade first with the dye, 
prontosil and then with the derivatives of sulphanila- 
mide. The key to the newer chemotherapy was 
provided primarily by the discovery of the anti- 
streptococcal activity of azo-dyes derived from 
sulplianilamidc, an essentially fundamental advance 
resulting from the perseverence and genius of 
Domagk.' This discovery stimulated interest in 
ascertaining the nmst effective members of this class 
of dyes ; tlie only way to find them out was to make 
as many of these as possible and try them out. 
Mietzsch and Klarer, collaborating with Domagk, 
prepared more than thousand such compounds. 
Many of these were active in experimental strepto- 
coccal infections though, strangely enough, outside 
the bodies of test animals, t.e., tn vitro, they were 
but feeble disinfectants. The most effective of this 
multitude which has had considerable application in 
medicine is Trontosil’. 

NH, 

= ) NH„HC1 

(Prontosil) 

(i) y \ (4) 

H,N.SO,^^ ^NH, 

(Sulphanilamide) 

‘Domagk, Deui. Med. Wochschr. 61, 250, 029, 1935; 
Mietzsch and Klarer, D.R.P., 607, 537, 1032. 


The next step forward was taken by French 
workers* at the Pasteur Institute who showed that 
the activity of prontosil was due to its being cleaved 
in the animal body to a much simpler substance, 
sulphanilamide which had been known® since 1908 
under the chemical name of f)-aminobenzene 
sulphonaniide. 

The success of prontosil and later of sulphanila- 
mide attracted to. the new field hundreds of workers 
who hoped to discover substances which would be as 
good as, or better than, either of the.se or would be 
free from their many undesirable by-and after-effects 
and by means of which the range of therapeutic 
usefulness could be widened. 

The chemists set to work on the molecular 
skeleton of sulphanilamide. Rcsearcli centered cliiefiy 
on the synthesis of nuclear, N^-, and N®- sub- 
stituted derivatives. The compounds with substitu- 
ents in the benzene ring were usually inactive. By 
substitutions at the N^- position, a series of N*- 
acyl amino, nitro, hydroxylamino, azo, anil and re- 
duced anil derivatives were obtained. Although it 
has not been proved beyond doubt that the activities 
of these compounds*’ * are entirely the result of 
cleavage with liberation of sulphanilamide, there is 
much evidence pointing to such a mechanism. One 
of these compounds which has found some clinical 

* Tr6fonel et al, Compt. rend. soc. biol, 120, 756, 1035. 

• Gelmo, /. Prakl. Chem., 77, 360, 1008. 

‘Fuller, Uncet, /, 104, 1937; Marshall et al., Proc. Soc. 
Exp. Biol. Med., 42, 840, 1039; Molitor and Robinson, /• 
Pharmacol., 65, 405, 1930. 
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application by virtue of its activity and low toxicity 
is N* *• - benzyl sulphanilamide” or 'proseptasine*. — 

^ ^CHj.NH^ ySO a.NHa 

Substitution at the — or sulphonamidc part of the 
molecule brought forth a far more interesting group 
of compounds. From the practical standpoint, the 
best results were obtained in this group, particularly, 
those derived from simple heterocydes. 


1 ri'* 

WH.SOaCeH^NH, {JlNH.SO.Cslhmi, 


(Siilphapyridinc) 


S 

(Sulphathiazole) 


O N 

NH.SOaC.H4NHa 

N 


(Sulphadiazine) 



C.NH.SOa.C«H,.NHa 

H,n/ 


(Sulphaguanidine) 


The spectacular success of sulphapyridine* was 
followed in quick succession by that of sulphathia- 
zole,^ a compound superior to sulphanilamide and 
sulphapyridine in some respects, and by that of sul- 
phaguanidine" and sulphadiazine." A few others like 
sulphapyrazine,^® sulphathiazoline” etc., which 
appear promising from preliminary trials, have yet 
to win their spurs for a definite place in clinical 
practice. 

Research from the purely chemical side has 
brought forth anywhere between three to four 
thousand new compounds, but curiously enough out 
of the hundreds of compounds that have come to 
light only a few have so far received wide practical 
application and have been recognized as important 


* GoiA.Hedet et al., Coinpt. rend. .soc. biol., 121, 1082, 
1939; Halperii ami stayer, rresse Med., 29, 201, 1930; May 
.'iml Baker Co., Brit. Pat. 465, 914, 1937; Mayer, Bull. Acad. 
Med., 127, IZJ, 1937; Whitby, Uncet, /, 1517, 1937; Buttle 
ei al., Blochem. ]., 31, 724, 1937. 

• May ami Baker Co.. Brit. Pal., 1516, 288, 1938; Whitby, 
Lanced, 1, 1210, 1938; New and Non-tjflicial Keiiietlies, J. 
A met. Med. Assoc., U4, 326, 1940. 

^ Fosbinder and Walter, J. Amer. Chem. Soc., 61, 2032, 
1939; bong, J. Amer. Med. A.ssoc., 114, 870, IfMO. 

• Marshall et al.. Bull. Johns Hopkins Hasp., 67, 163, 
1940; 67, 94, 1941; Lyon, W. Va., Med. J., 37, 54, 1941. 

* Roblin cl al., J. Amer. Chem. Soc., 62, 2002, 1940; 
Feinstone et al., Bull. Johns Hopkins Jlosp., 67, 427, 1940; 
Klinefelter, Proc. .Soc. Kxp. Biol. Med., 46, 591, 1941; Long, 
/. Amer. Med. Assoc., 116, 2399, 1941; Bull. Johns Hopkins 
Hasp., 69, 2Sn, 303, 314, 1941. 

*• Bllingson, J. Amer. Chem. Soc., 63, 2524, 1941 ; Kai/iss 
ei al, Ibid., 63, 2739, 1941; Sansville aid Spoerri, Ibid., 63, 
3153, 1941; Rengsegger et al, J, Amer Med. Sci., 202, 432, 
1941. 

“ Sprague and Kissinger, /. Amer. Chem. Soc., 63, 
578, 1941 ; Raiztss and Ciemence, Ibid, 63, 2739, 3124, 1941 ; 
Rajagopalan and others, Ind. Pal, 28706. 


remedies. The reasons arc not far to seek. The 
pharmacological and bacteriological studies have been 
unable to keep up the pace set by the chemists. 
Furthermore, the knowledge accumulated so far re- 
garding thpir activity and pharmacology should in 
many instances be taken only as qualitatively indi- 
cative due, among other reasons, to a lack of co- 
ordination among the early workers and the adoption 
of universal test metluxls for ascertaining the real 
value of the sulplionainidcs and their toxic reactions. 
A survey of the formulae of the sulphonainides 
togellier with their reported activities brings to light 
many curious generalities. It is beyond comprehen- 
sion why a particular arrangeiiient of atoms, more 
than any others, should alone give rise to therapeuti- 
cally valuable compounds and how the slightest 
changes in the molecular .structure could sometimes 
completely alter the physiological picture by destroy- 
ing or accentuating its previous properties or result 
in compounds with totally new and uiipredicted 
characteristics. A rational approach to the sulphona- 
inides has moreover been delayed by the usual first 
wave of numerous over-enthusiastic publications 
embodying preliminary successes anil failures, inci- 
dent to the introdui.tion of new remedies. The latter 
in their turn have given rise to numerous auomolies, 
surprises and contradictions in the publislied litera- 
ture. Jn addition, the secrecy surrounding the patent 
literature and work deliberately maintained by some 
of the commercial and other vested interests has pre- 
vented research workers from profiting by each 
other’s conclusions, always a fertile source of inspira- 
tion, lias tended to the unnecessary duplication of 
labours and has been, to a large extent, prejudicial 
to' the progress of chemotherapy. A fruitful line of 
approach likely to furnish useful infonhation would 
have been a unified eflort to consolidate the positions 
already gained, namely, concentration on synthetic 
elaboration of the structural types that have so far 
been revealed to be of value. Nevertheless, one 
marvels at the amount of valuable work that has been 
carried out and yet cannot resist the feeling that 
much more could have been achieved by a closer co- 
operation between the chemist, the bacteriologist, the 
pharmacologist, the clinician and the pathologist as a 
consequence of hard, unremitting and systematic toil. 
It is therefore little wonder that the .search for new 
members of this group of compounds remained, since 
the time of its inception till very recently, of 
necessity largely a matter of empirical conjecture, 
and the chemist has had to follow any ‘'lead* that 
looked promising or depend on ‘lucky strikes*. In 
the present state of knowledge the conviction grows 
stronger that, except in a very limited sense, no large 
scale generalizations or axioms arc yet admissible and 
that tlic attempt to* correlate chemical constitution 
wdth antibacterial action even in the sulphonainide 
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group may not be possible until the many existing 
gaps in our knowledge are finally bridged. 

In the siilphanilamide group of drugs, medical 
science has acquired a powerful \vca]X)n for the con- 
quest of bacteria. Their wide and varied, applications 
have been the subject of reviews and monographs.** 
They arc of especial value in many streptococcal, 
pneumococcal, staphylococcal, meningococcal and 
gonococcal infections. They are also effective in some 
strains of the dysentery bacillus, Hemophilius in- 
fluenza, the Welch bacillus and certain members of 
the Pasteurella group, including the plague bacillus. 
In addition, they possess remarkable curative effects 
in certain human urinary tract infections. While re- 
counting the many spectacular successes of chemo- 
therapy, we must not forget its present limitations 
which are not as widely jniblished. Ttierc is still a 
long list of bacterial diseases uninfluenced by any 
drugs. Tuberculosis, leprosy, typhoid, paratyphoid, 
cholera, whooping cough, tetanus and certain kinds 
of pneumonia are not yet amenable to chemotherapy. 
In virus infections, the results so far obtained arc 
mostly negative or inconclusive with the exception 
of lympliograiiulonia and trachoma which arc suscep- 
tible to treatment with the sulphonamides. However, 
the main body of the virus diseases, small-pox, 
measles, infantile paralysis, cold, influenza, etc., are 
not checked by the newer chemotUerapeuticals. I#ikc 
most other potent chemotherapeutical agents, the sul- 
phonamides possess a certain amount of concomitant 
side effects and toxic reactions. Their deleterious 
effect on hemopoiesis of susceptible individuals is 
amongst the most dangerous of their toxic effects. 
Several cases of bone marrow depression, as evidenced 
by leucopenia with agranulocytosis or thrombocyto- 
penia, have been reported by large or small doses of 
the drugs and must be considered as their real draw- 
backs. Cases of agranulocytosis are fortunately 
rather rare and the drugs would seem to lx; only as 
dangerous as any of the general anaesthetics. 

While it is indeed difficult to conceive of any 
other development which has been of greater service 
to the human race than that which has taken place 
in the sulphonamide group of drugs, sulphonamides 
appear only to constitute the first of a series of power- 
ful weapons for the swift and effective conquest of 
numerous diseases of bacterial origin in a new age 
of rational antisepsis that is but just dawning. 

** Mellon, Gross and Cooper, 'Sulfanilamide Therapy of 
Itacterial Infections', 1938; Findley, ‘Recent Advances in 
Clieniotlierapy', 1939; Bliss and T«ong, 'Clinical and Kxperi- 
mental Use of Sulfanilamide, Sulfapyridine and Allied 
Coinponnds’, 1939; Carey, /. Amer. Med. Assoc., IIS, 924, 
1940; Koliliner, Arch. Internal Med., 65, G71, 1940; bock- 
wood, /. Amer. Med. Assoc., 115, 1190, 1940; bong, Bull. 
N. Y. Acad. Med., 16, 732, 1940; Marshall, .^fclence, 91, 

345, 1940; An. Rev. Physiol., 3, 643, 1941; Northey, Chem. 
Revs., 27, 85, 1940; Rcimann, Arch, Internal Med.. 66, 478, 
1940; 68, 325, 1941. 


A rational basis of chemotherapy awaits esta- 
blishment, firstly, of a chemical relationship between 
the causative agents of infectious diseases and the 
changes they bring about to result in a i)atliological 
condition, and, secondly, of the mode of action of 
chemotherapeutic agents. It is therefore gratifying 
to note that the past three years have witnessed an 
ever-increasing attention being directed towards the 
discovery of fundamental laws correlating physico- 
chemical properties and physiological action. Indeed 
studies of the ways in which chemotherapeutic acti- 
vity varies with chemical structures and physical pro- 
perties have in the i^ast achieved notable practical 
results, for example, the work done on the relation 
between narcotic action and lipoid solubility and 
between the action of chaulmoogra analogues on acid- 
fast organisms and their activity in depre.ssing the 
surface tension of water. Among others, a recent 
communication, "Chemistry and Physics of Antisep- 
tics in Relation to Mode of Action" by Albert** will 
amply bear out the above statement. There is no 
doubt that such studies would help to remove the 
empiricism that has hitherto been largely obtaining 
in the practice of bacterial chemotherapy so that the 
"rational approach" envisaged by Paul Kildes** (1940) 
might come to be the basis of the future search for 
new and better chemotherapeuticals. 

No other group of chemotherapeutical investiga- 
tions can perhai)S claim to be more stimulating and 
of greater interest than those which have centered 
round the mode of action of the sulphonamide group 
of drugs. Sulphonamide chemotherapy may be said 
to have passed from the cmi.)irical to the rational with' 
the discovery by P'ildes** and Woods** of the mode 
of action of sulphanilamide. Their precise disclosure 
of its point of attack in chemical terms not only 
settled an acute controversy but opened the door to 
further developnifent on more sure and promising 
lines. Attempts to explain antibacterial action in 
terms of specific inhibition of some essential meta- 
bolic steps have been greatly stimulated by the dis- 
covery that ^-amino benzoic acid (PAH) is an essen- 
tial metabolite, a fact now established experi- 
mentally*’, 3nd that the drug, by virtue of similarity 
in chemical structure, can compete with it for some 
enzyme essential to the bacterial cell.*** ** The theory 
of Fildes and Woods that the action of sulphani- 
lamide on hemolytic streptococci and other bacteria 
is simply to prevent the utilization of a substance 

" Albert, Lancet, 2, 633, 1942. 

‘M-ildes, ibid., i, 955, 1940. 

“Woods, Brit. J. Exp. Path., 21 74, 1940. 

“Dorfman ei al.. Lancet, 2, 42, 1942. 

“Rubbo and Gillespie, Nature, 146, 838, 1940; Lampen 
and Peterson, / Amer. Chem. Soc., 63, 2283, 1941; Moller 
and Schwartz, Ber., 74, 1612, 1941; Knhn and Schwartz., 
ibid., 74, 1617, 1941 ; Park and Wood, BulL John Hopkins 
Hasp., 70, 19, 1942. 
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vitally essential for their growth, namely /’-amino 
benzoic acid, has now gained general acceptance. 
This concept has been extended** in recent times to 
cover the other well-known sulphonamides also ; the 
varying potencies of the latter have been explained 
by the additional eiTect of the heterocyclic halves of 
their molecules on other metabolic processes ix:culiar 
to or more important to the particular bacterium 
under consideration.*’* i 

One of the conseipiences of the postulate of 
Fildes and Woods is the greater attention paid with 
some degree of success to interpret chemotherapy 
through nutritional studies. Thanks largely to the 
earlier work of Fildes and his collaborators, various 
substances other than PAB of well-defined chemical 
constitutions, now referred to as cs.scntial gro\vth- 
X factors, arc known to be necessary for the growth of 
many pathogenic bacteria. Nutritional analyses, 
chiefly by Mcllwain, show that bacteria in the pre- 
sence of anti-bacterial agents require more sub- 
stance than arc usually needed for their growth. 
The inhibitors (antibacterial agents) therefore in- 
crease the nutritional refiuiremcnts of bacteria. Sonic 
substances found necessary for bacterial growth 
(aneurin, cozymase) take part in the enzyme re- 
actions, and the.se reactions account for the organism’s 
need of such substances. The additional .substances 
for which need is established by inhibitors arc pro- 
bably required in order to take part in reactions which 
have been aflFected by inhibitor. 

Enzyme systems can in many cases be con- 
sidered to correspond to the ‘recei’tors* of Ehrlich. 
The structural specificity required for drug action is 
comparable to that required in growth essentials. 
Some grouping in one drug may be toxophoric by 
virtue of its similarity to a group in a growth essen- 
tial ; the -SOa.NHa of sulphanil amide simulates the 
“COa.H of PAB to a degree sufficient to react with 
and block enzymes which are es.seiitial and normally 
react with PAB. According to this view, chemo- 
therapeutic interference is due to the functional re- 
placement by the interfering agent of substances 
whose metabolism is affected by the inhibitor. Acri- 
flavine and some ansenicals interfere, among other 
processes, with h>’drogen transport wdiich interfering 
agents like methylene blue arc capable of perform- 
ing. 

From such considerations, Mcllwain and his 
associates’* were able to lay down successfully rules 

Landy and Wyeno, Proc. Soc. Kxp. Biol. Med., 46, 
59, 1941; Straus et al., J, Clin, Investigation, 20, 189, 1941. 

” Green and Bielschowsky, Brtt. J. Exp. Path, 23, 13, 
1942. 

Dorftiian el al., J. Bad., 43, 69, 1942. 

•‘Mcllwain, Biochem. J., 35, 1311, 1941 ;36, 417, 1942; 
Lancet, I, 412, 1942; Brit. J. Exp. Path, 21, 136, 1940; 
22, 148, 1941; 23, 95, 1942; Mcllwain and Hawking, Lancet, 
I, 449, 1943. 


regarding structural specifications in possible chcino- 
therapeuticals required for drug action. They were 
also responsible for actually demonstrating that 
slight but definite variations in the architecture of 
the “essential growth-factors** led to the production 
of enzyme analogues ; the latter were then able to 
effect a coiiipetetive inhibition of the utilization of 
the normal growth-factors, resulting in metabolic dis- 
turbances in the organisms and their ultimate death. 
Thus a fundamentally new and promising approach 
to chemotherapy has now been thrown open. A few 
examples, at this stage, will be illustrative. 

The belief that fZ-trisubstituted propionic acids 
would be inhibitory to the growth of M. tuberculosis, 
of which I’htliioic acid - a trisubstituted acetic acid — 
is a normal constituent, was fully realized by 
Robinson.” The fact that M. tuberculosis is able to 
form compounds of a vitamin K nature and that the 
closely related M. paraluberculosis (Johnc*s bacillus) 
requires such substances as growth factors’* 
.suggested’^ what appears a highly promising investi- 
gation of the chemotherai)eutic effect of sulphona- 
midcs possessing structural similarities to the anti- 
haemorrhagic compounds. Inhibition of succinic 
dehydrogenase bv malonalc affords a further example, 

yNH, 

and more recently elhionine, C3TIr,S.CH2.CH C 

^COaH 

has been fi)iind by Harris and Kolm’*' to limit bacte- 
rial growth by competition with methionine. Fildes** 
showed that indole acrylate inhibited bacterial growth 
by virtue of its relation to tryptophane. Some ali- 
phatic <-amino sul phonic acids inhibited growth by 
virtue of the relation to < -amino carboxylic acids, 
and pyridine, .^-sulj’honic acid and its amids by rela- 
tion to nicotinic acid.** 

The latest product of this form of constructive 
reasoning, one which may prove to be of great thera- 
I’eutic importance, has now been evolved.*** *’ 
Pantothenic acid is an essential growth factor for 
many pathogenic bacteria, and an analogue which 
should be inhibitory is N-(< y-dihydroxy, P, 
/i-dimethyl butyryl-) taurine or pantoyl taurine. 
This substance, as theoretically i»redicted, inhibits 
the growth of bacteria requiring pantothenic acid. 
As in cxi’criments with sulphanilamide and PAB, 
the presence or absence of growth depends on the 

"Robinson, J. Client. .Soc., 505, 1940 ; 488, 1942. 

" Anderson and Newnian, J. Biol. Chem., 103, 197, 
19.3.4; Alniquist ct al., Proc. Soc. Exp. Biol. Med., 38, 336, 
1938; Wwlley and ^TeCarter, Ibid.. 4.5, 357, 1940. 

"wSjbgrcii, ISaturc, ISO, 431, 1942. 

" Harris and Kolin, /. Pharmacol., 73, 383, 1941. 

"Fildes, Bril. J. Exfh. Path., 22, 293, 1941. 

"Mcllwain, Loc cit. (Brit. J. Exp. Path, 1940. 1941). 

"Snell el al., J. Amer. Chem. .Soc., 62, 1776, 1791, 
1940; /. Biol. Chem., 139, 975, 1941 ;/4;, 121. 

"Mcllwain, Loc. cit, {Blochcm. J., 1942; Brit. J. Exp. 
Path., 1942). 
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relative concentrations in the medium of pantoyl 
taurine and pantothenic acid. Similarly, the capacity 
of various natural fluids, such as muscle extract, 
plasma and urine, to antogonize the inhibitory action 
of pantoyl taurine varies with their content of panto- 
thenate. 

It is possible therefore to hope that the future 
approach to the production of new, specific chemo- 
therapeutic agents will consist in modifying the struc- 


tures of essential metabolites so as to produce sub- 
stances which can no longer exhibit any specific 
action in the cell economy, but will still be able to 
block the enzymes concerned in the reaction. And 
this should not be a difficult task since at the present 
time, more than ever before, knowledge of the 
‘growth factors* and ‘accessory growth factors* of 
many of the common pathogenic organisms is in- 
creasingly lacing made available. 


BOOK REVIEWS 


Chemistry and Pharmacy of Vegetable Drugs. — 

By Noel Allport, F.I.C. Published by George 

Newnes Limited, Tower House, Southampton, 

Strand W.C. 2, London. Pp. 264. 

According to the author the book is ‘designed to 
answer the many questions which must arise in the 
mind of the student of pharmacy, when making his 
preliminary acquaintance with numerous vegetable 
drugs*. For this purpose and also as an aid to the 
students of materia mcdica and pharmacology in the 
medical schools, tlie book will be eminently suitable 
and it is hoped, will be enthusiastically received. 
Years of teaching experience have impressed the re- 
viewer with the need for more and more books which 
give a ‘preliminary acquaintance’ to the subject 
through an interesting mode of presentation and illus- 
tration of the subject matter, rather than profusely- 
documented and scholarly treatises. Both tyi^es of 
text-books are needed perhaps at different stages in 
the student’s career, but it is essential for the main- 
tenance of sustained interest, to start him on with 
.something which he can swallow and swallow with 
avidity, leaving behind a desire for more. Mr Allport 
has succeeded in providing such a fare and the re- 
viewer feels little hesitation in bringing the lx)ok to 
the notice of the different schools of pharmacy in 
India. 

The book contains 264 pages divided into 22 
chapters and an Index. The author has shown much 
good sense in not attempting the traditional ‘botani- 
cal* classification of the vegetable drugs. This would 
have defeated the very purix>se which the author has 
in view of assisting the student in his study of vege- 
table drugs, llie system of grouping under ‘botani- 
cal*, ‘chemical’ and ‘therapeutic* is most advantage- 
ous and the reviewer has adopted more or less the 
same system in practice at least for the last 6 years 
with good results. It is best, for example, to discuss 


(as has been done in this book) all drugs containing 
alkaloids or glucosidcs as their active principles under 
their respective ‘chemical* headings and consider the 
chemically heterogenous groups of ‘anthelmintics* 
under a ‘therapeutic* classification. It is time that 
water-tight compartments, often observed in classi- 
fication by systematists, are retnoved for a more 
rational and helpful grouping of the type adopted in 
this book. 

Besides an easy presentation, the book is replete 
with illustrations and photographs. The practical 
handling of different apparatus and appliances is also 
shown wherever possible. vSufficient emphasi^ has 
been given to the assaying of the active ingredients 
both by chemical and by biological methods where 
considered important. There is every indication that 
the book has come to stay and will be liked by the 
students. 

B. M. 

Decibel Notetion — By V. V. L. Rao, Radio Engi- 
neer. Published by Addison & Co. Ltd., Madras. 

Pp. 177, with 52 diagrams, graphs, charts etc. 

Price R.S. 8/12/-. 

“The jiresent work has been undertaken as, that 
so far as the author is aware, no work on this .subject 
lias been published in the English language, having 
a booklet of 57 pages by Morris,** writes the author 
ill the preface, and rightly so. The vast amount of 
useful information contained in the small book will 
be welcome to those interested in Radio and Acoustic 
Engineering. The author has collected the material 
which may be found scattered in text books on Radio 
or Acoustic measurements, but when the informa- 
tion is put together in a systematic and judicious 
manner, the reader finds it handy and convenient for 
consultation and the usefulness is greatly extended. 
In the present day of radio and audio broadcasting 
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the book may be used as a text-book to supplement 
the teaching of acoustics and radio communication, 
and as a guide to laboratory practice. 

The author starts with the logical basis for 
decibel notation viz,, that perception of sound inten- 
sity is proportional to the logarithm of the acoustic 
power, and explains in the course of the following 
chapters the measurements of power in amplifiers 
with reference to the “zero level**. Different methods 
are carefully dealt with and numerical examples arc 
appended in each case— a very useful method in 
giving a realistic picture of the method that is des- 
cribed. The reader is led through the decibel 
method in measuring frequency response, hum etc. 
The subject of “attenuators** and “fillers** have been 
exhaustively treated ; except practical details the 
reader will find everything at liand if he wants to 
make an attenuator or a filter. 

The technical terms in measuring sensitivity of 
microphones, and the acoustical performances of a 
loud speaker have been lucidly written ; similarly the 
subject of audio acoustics has also been touched. 

In order that the book may be used by students 
it is desirable that introductory remarks in relation to 
the apparatus and the formulae should be included. 
References to the latter in all cases mivst be given. 
For instance, the formula relating to audio trans- 
former have been tacitly assumed and used (page 92), 

e,g,, “the ratio of matching transformer** 500/50 

^ =5*162 etc. 

may be a difficulty to the student. The formula 
should be numbered and cross references should be 
given where necessary. The impression that the book 
represents a collection of formula; should be removed, 
and stress should be laid on the method by a few 
introductory remarks and references. Much space 
could be saved if the author uses 10 log Pa/Pi instead 

of 10 log 

These remarks have been made in order that the 
author may attend to them in tlie second edition of 
the book ; the writer congratulates the author on the 
most useful and readable book that he has written 
in the most technical subject. The students tvill profit 
by the constant use of this book in the laboratory. 

R. N. G. 

WttU/E. V. 1943. —An introduction to Historical 
Plant Geography. Published by Chronica’ Bota- 
nica Co., Waltham, Mass. U.S.A. Pp. 225. 
Price $4*75. 

This book was originally published in Russian, 
first in 1952 and then again in a revised form in 1955, 
and now it has been translated into English after 
incorporating some further improvements. It was 


intended to be folloj^vcd by a .second volume dealing 
with a history of the floras of the world and a third 
with the changes in these floras caused by the in- 
fluence of man. Unfortunately, however, the author 
died a couple of years ago during the siege of Lenin- 
grad, being struck by shrapnel, and although the 
second volume is said to have been more or less 
completed, the third may never see the light of the 
day under Dr Wulff*s name. 

The author aims at a study of the distribution 
of the existing species of plants with a view to 
elucidating the origin and history of development of 
the floras, w'hich in turn is expected to provide a 
clue to an understanding of the history of the earth. 
Of the eleven chapters C()ini)rising the book, the first 
explains the scope of the subject and its relationship 
with allied .subjects ; the second deals with the history 
of the science ; the tliird with areas, their centres 
and boundaries ; the fourth and fifth respectively with 
the origin and types of areas ; the sixth with parallel- 
ism in the geographical distribution of plants and 
animals and a correlation between the distribution of 
parasites and their i)lant hosts ; the seventh and 
eighth with the role of artificial and natural factors 
respectively in the geographical distribution of 
plants ; the ninth with a discussion of the migration 
of species and floras ; and the tenth wdth the histori- 
cal causes for the present structure of areas and com- 
lx).sition of floras. The eleventh and last chapter is 
concerned with the concept of floral elements and 
outlines the general principles that ought to be 
followed in making analyses of floras. 

Of special interest, even to non-botanists, will 
be the information dealing with the r 61 c of artificial 
and natural factors in the distribution of plants and 
a discussion of the hi.storical causes leading to the 
present coinpo.sitioii of the world's floras. The author 
emphasises that in undertaking a study of this type, 
one has to consider two main points: (a) does the 
dispersal of a species takes place by sudden -spurts, 
as a result of its chance penetration or transport into 
distant localities which are widely i.solatcd from the 
main area, or, ib) is it mass-like in character, the 
species as a whole, gradually although perhaps un- 
evenly, covering fresh territory until .some barrier 
either climatic or geographical, puts a limit to its 
further spread? In the first case its discontinuous 
di.stribution is easily understood without any further 
explanation : in the second alternative this could only 
result from a dying out of the species in the inter- 
vening territories or the isolation of the occupied 
regions due to geological causes. 

The author has dealt with the alx)ve points very 
critically and unemotionally. It is a common text- 
book statement that several natural agencies, such as 
wind, water and animals, can successfully transport 
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plants or parts of plants, such as seeds, to very con- 
siderable distances beyond their place of origin. It 
certainly appears quite comprehensible to the ordi- 
nary mind that strong winds may blow certain seeds 
and fruits, wither due to their lightness or other 
adaptations, to considerable distances from their 
place of origin, but the author shows tliat in actual 
practice this is very unlikely. We are told, for in- 
stance, that there is no proof of seeds having been 
carried by wind even from England to France or 
from Ireland to England. Then again, as regards 
water, this is certainly an important factor in the 
dispersal of plants along the shores of .seas and lakes 
hut it can hardly cause their inland penetration to 
any appreciable extent. Further, although rivers run 
long distances over land, they must often transport 
the seeds to places where they would be unable to 
establish themselves. Sea-currenls also go a long way 
but they do not usually flow parallel to the equator, 
and even if the seeds, despite prolonged immersion 
in sea-water, preserve their germinating power, they 
arc quite likely to be carried into Traces where the 
climatic conditions are entirely alien to them. Even 
if this were not the case, there would .still remain the 
difficulty that unless they can be transported to a new 
area in sufficiently large numbers, they cannot 
succeed in establishing themselves as a component 
part of an already existing flora with which they 
will have to come into competition. Among animals, 
birds have often been credited with a long distance 
distribution of plants, by the seeds either adhering 
to their feet and feathers or being carried inside their 
alimentary canals to be voided later on in new and 
far off places. But here also, inspite of a careful 
study of the available information, the author failed 
to find a single case on record of the transport by birds 
of any plant that subsequently succeeded in establish- 
ing itself and extending its range in a distant habitat. 

Man, admittedly, plays a far greater role in the 
distribution of plants, whether intentionally (as in 
the ca.se of many cultivated plants) or unintentionally 
(as in the case of certain weeds). This is due mainly 
to the pre.sent extensive development of the means of 
communication and the constant movement of people 
from one part of the world to another, as well as to 
the expansion of cultivated areas and the introduc- 
tion of cultivated plants from distant countries. One 
must however agree with Dr WulflF that even man’s 
significance in the geographical distribution of floras 
was very much less in the past and that even now 
there are obvious limitations to it caused by differ- 
ences of habitat. 

Contrary to the general opinion (based more on 
imagination, however, than on a scientific appraisal 
of the existing data) the author concludes that plants 
are dispersed only slowly and gradually, gaining new 


territory step by step and not by spurts, and that 
an explanation of the present discontinuous distribu- 
tion of our floras has to be sought elsewhere. For 
this he turns to the geological history of the earth, 
for there is no escape from the conclusion that lines 
of communication must have existed in the past 
between regions now separated by thousands of miles 
of ocean. The hypotheses of submerged continents, 
sunken land bridges and continental draft are dis- 
cus.scd one after another as the possible clues for an 
exY)lanation of the present and past distribution of 
plants. After evaluating all the existing theories of 
this kind, the author strongly inclines to the Wegener 
hypothesis which assumes that the continents are com- 
parable to drifting icebergs detached from a once 
continuous mass. He draws attention to a general 
resemblance in outline and in geological structure 
between the eastern edge of S. America and the 
western border of Africa ; the Atlantic is then con- 
sidered as a great rift which gradually broadened in 
the course of ages. South America, Africa, India 
and Australia were once united according to this view 
into a single vast continent called Gondwanaland 
which persisted through several geological ages but 
subsequently disrupted into smaller land-masses which 
have floated further and further apart into their pre- 
sent positions. The originally continuous distribu- 
tion of a species would then become discontinuous 
owing to the sundering oceans which now separate 
these sub-continents. It must be admitted that the 
Wegener hypothesis has been subjected to severe 
criticism and the number of its adherents is perha])s 
small but from the supi)ort that it has received from 
some quarters during recent years and now from a 
plant geographer like Dr Wulff, it seems deserving of 
a more sympathetic consideration than it has hitherto 
received. The objections that have been raised 
against it "do not suffice to discard Wegener’s theory 
as incorrect but only indicate that in this theory there 
is still much that requires further elaboration and 
modification. In any event its significance for bio- 
geography is beyond doubt. It has thrown light on 
a number of hitherto entirely incomprehensible 
moments in the geography of plants.’* 

While it is not possible to say that Dr Wulff has 
succeeded in establishing his thesis, he has certainly 
made a very thorough and critical study of a subject 
that is extremely vast and the information on which 
is widely scattered over different places. If the re- 
sults of his analysis are not always clear, this is due 
to the paucity of any reliable and extended observa- 
tions in this field rather than to any fault of his owm. 
He may have proved little or nothing but none will 
deny him the credit of having suggested a great deal 
and it is here that the value of the book lies. It is 
the first of its kind in the English language and the 
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publishers are to be congratulated on having produced 
it during these difficult days, with the author in 
Russia and the general editor of the scries, at first 
in Holland, and then in the United States. The only 
criticism which the reviewer would like to make is 
that he found the language and the style a little 


difficult in places so that it took him more time to go 
through the work than its size justified, but this is 
excusable in consideration of the fact that it is a 
translation from an alien language. 

P. M. 


LEnERS TO THE EDITOR 

[The editors are not responsible for the views expressed in the letters.] 


ON THE LINEAR SET UP LEADING TO INTRA AND 
INTER BLOCK INFORMATIONS 

Many attempts have been made to make a criti- 
cal .study of the hypotheses and the laws of chance 
involved in the analysis of variJiicc tests for field 
experiments. An extensive and important contribu- 
tion is due to Dr Neyman^ who starting with a suit- 
able linear hypothe.sis found the limitations of the 
z-test devised by R. A. Fisher. This was subjected 
to much criticism by the Fisherian school and many 
of the statements advanced by them remain un- 
studied. The actual distribution of Fisher*s z on 
Neyjiian’s hypothesis has been found out in the case 
of randomized blocks by McCarthy* but it has not 
much practical utility. 

The purpose of this note is to devise a linear 
set up which is of special importance in the field ex- 
periments and consider the problems of e,sliniation 
and testing of hypothesis in the light of the article 
“On linear estimation and testing of hypothesis** 
published by the author elsewhere.® We shall con- 
sider the general varietal trial of which the factorial 
experiments can be deduced as a special case. 

The problem is to test whether one variety 
is superior to another in a certain specified region. 
We cannot utilise the whole of the specified region 
nor is it desirable to choose a certain number of plots 
at random for one variety and a certain number for 
the other variety. Evidently two varieties cannot be 
tried one after the other on identical plots without 
vitiating the comparisons. So we choose sets of plots 
adjacent to one another which are called blocks. I^et 
us consider a block of k idots and imagine a uniform- 
ity trial on these plots with the yields Yi, Ya, . . . Y* 
and define the quantities 

|5=y andi?i=yi-> . . . (3 ^) 
with the obvious restriction 

2 i|i=0 (3‘2) 


If any variety is tried on the i-th plot then the yield 
T has the composition 

T=T + P + 1)1 + « . . . {3-3) 

where € is a technical error due to experimentation 
and is independent of or r)'s. r is called the effect 

of the variety. If T,, Ta '1';^ are the observed 

yields of k varieties tried on the k plots with random 
determination of positions then 

+ . . . (3-4) 

where p; can take any of the tj's of (3*1) . Tf*s arc 
obviously correlated variables. From this we con- 
struct k on other linear functions. 

ST 

B=J^and 

2, 3, .... k 

such that 2f/^=o and 'Sifj and =i 

( 3 * 5 ) 

with the consequent relations 

E(B) = 2r/Vjk + |3V^- . . (3-6) 

E(Ri)= :s/ijTj i>:l. . ( 37 ) 

The variance of R/ is called the intra block variance 
cr®/„ and is due to tlie vari.itioii of the comparisons 
from blocks of the same size together with a compo- 
nent due to €. The variance of B in sets of blocks 
with the same is however different from and is 
caused by c. If wo have b, such blocks we get 
b(fe-i) equations of the form (3 ’7) from which we 
proceed to the problem of estimation and testing of 
hypothesis. T^he variables are all independent and the 
information supplied by them is called the intra-block 
information. The estimation of a®/*, is supplied by 
the minimised sfjuarcs. 

We can by a suitable device make use of the 
equations (3*6) in the estimates of the varietal con- 
trasts. We choose all the blocks or those forming a 
complete replication close to one another and assign 
the b sets of treatments at random to these blocks. 
Any observed yield will then be 

T=T + /i + vj + 7 jfh€ ( 4 - 1 ) 
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^vhcrc hfi—p and is a random variable assuming 
any one of the values />=i, 2, . . . . b. 'Hie 

b ffjuations of the form (3*6) will lead to 

K (Bj) - • • • • f4'2) 

From which we construct b linear e(iuations 

Ox = SByi) (4*3) 

O/ — 21 m;y By I > ii 
J 

with the in’s i>osscssing the same properties as the Ts 
of (VS), 

Then F, (Gi) • (4-4) 

where r,- is the number of litiies the f-th variety is 
used and 

E (Gf) Sniy SjT . . (4-5) 

where is the sum of treatment effects from the 
;-th block. The variance associated with 0< is called 
the inter block variance and is denoted by cr*,v. The 
estimating e:juations are b(k-i) of tlie form (3*7) 
and (b-j) of the form (4'5) with different variance 
and all independent of one another. The estimate of 
lias to found from (4*5)- The information sup- 
plied by the relations (4’5) is called the inter block in- 
formation. 

The expressions for variances and covariances 
of contrasts are to be found as in the papers.**’ * 
The formulae discussed there hold good. The intra 
and inter block estimates can be found separately 
and added together with proper w^eights. The under- 
lying assumi)tions and tlic actual , methods of estima- 
tion and tc.sliiig u ill be dealt with in a detailed paper 
to be published elsewhere, wherein the results given 
by Prof. P. C. ^Malialaiiobis" on probable errors of 
field experiments will also be discussed. Further 
literature on this siibiect is found in the lecture notes 
of Mr R. C. Bose on the application of linear esti- 
mation theory to the design of experiments. 

C. Radiukrishna Rao 

Statistical I.aboratory, 

Calcutta, r;-S-i944. 

* Neman, /. R. .s'. .S’. {Supplement), 2 , 108-180, 1935. 
■McCarthy. Ann. of Math., Slat.. 10, 337-300, 1939. 

* C. R. Rao, Current Science (July Number), 1944. 

* C. R. Rao, Scii:ncu and CuiTrnh, 9, 554, 1944. 

•P. C. Mahalanobi. 1 , I. C. .4. R., 96-114, 1925. 


SYNTHESIS OF THIAMIN BY GERMINATING SEEDS 

Very little work has been done .on the accumu- 
lation of thiamin during germination and the stimu- 
lating influence of light on the process. In order to 
find whether thiamin is synthesised during germina- 
tion and the iuduence of light, if any, on the process, 


experiments were carried out in the spring of this 
year with soya-bean and kanch mung (Phaseolus 
Mungo), germinating in the dark under properly con- 
trolled conditions of temperature, moisture etc. and 
exposing them to sun-light and ultra-violet rays of 
known wave-lengths for a definite period. Thiamin 
was determined by thiochrome method of Harris and 
Wang.^ It has been observed that thiamin is formed 
during germination in the dark, and sun-light or 
ultra-violet light of w^ave lengths between 3000— • 

o 

400 A stimulates the process considerably. Some re- 
sults are given in the table below : 


Thiamin bquivalrnt in mo. per cent (dry basis) or 

CKRBnNATINO SEEDS UNDER VARIOUS CONDITIONS 




1 Germinated seeds 

Seeds 

Ungermi- 

iiated 

1 

i In dark 

1 nt29-30PC. 

Exposed for 6 hours at 
29-3(PC. 

f^eds 

i 

Sunlight 

Ultra-violet 

between 

300a-4000A. 

Soyabean 

Kc'Uich 



! 

0-34 : 

0-81 

1-81 

1-91 

nmng 

' 0-42 I 

0-90 

191 

i 

2' 10 


Further work is in progress, in order to find in 
particular whether these observations arc confirmed 
by the biological method of assay. 


B. C. Guha 
A. Bosk 

Department of Applied Chemistry, 

University College of Science & Technology, 
Calcutta, 1-9-T944. 

‘ Hum's .and Wang—Hiocltem. J. 35 1051, 1941. 


PHARMACOGNOSTIC STUDIES ON LOBELIA 
NlCOTiANAEFOLiA HEYNE 

'Tincture. Lobelia’ of 'British Pharmacopoeia’ 
and 'United States Pharmacopoeia’ are prepared from 
Lobelia inflate Linn. (Fam. Campanulaceoe), a plant 
indigenous to Canada and Eastern U. S. A.^’ ** * 
The drug is considered to be a good remedy for 
asthma and chronic bronchitis. The most important 
constituent of the plant is the alkaloid 'Lobeline’, 
which is considered as a respiratory stimulant and is 
particularly valued in cases of collapse due to poison- 
ing by noxious gases and narcotics. Five other 
alkaloids which are less active and whose actions are 
also somewhat secondary have been further isolated.^ 
Recent pharmacognostic studies on L. nicoiiancB^ 
folia Heyne. which is found in India frequently in the 
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region from Bombay to Travancore, in Malabar and 
in Ceylon* have revealed the following important 
characteristics. 

Macroscopic — Stein erect, hollow, somewhat pube- 
scent, leaves nearly obovatc lanceolate, sub- 
sessile, nearly glabrous above, pubescent beneath; 
inflorescence, dense terminal raceme ; flowers 
with to I in. long peduncles ; calyx 5-partitc, 
somewhat hairy ; corolla oblique, 2-lipped, 
upper lip 2-partite, lower 3-lobed ; anthers con- 
nate ; ovary inferior, 2-celled, ovules many, 
stigma — bifld ; fruit-capsule ; seeds small, ellip- 
soid, compressed, coarsely reticulate. 

Microscopic — ^Ilairs on stems and leaves arc conical 
and unicellular. Transverse section of the stem 
.shows the presence of well-marked endodennis 
and pericyclc and latex ‘cssels in the phloem. 
The pith of the stem is characteri.sed by the pre- 
sence of lignified and pitted pafenchynia. The 
upper epidermis of the leaf is composed of 
straight-walled cells, and the lower of wavy- 
wallcd cells with many stomata. The niesophyll 
is characterised by the presence of single crystals 
and oil drops. Laticiferous vessels are present in 
the phloem of the leaf. The seed coat of the 
seed is composed of yellowish brown polygonal 
cells with thick walls. 

From the above description it is found that it 
pharmacognostically resembles Lobelia inflaia which 
Iiavc the following .similar characteristics: — 

Cylindrical but slightly angular hairy stem, 
irregularly denticulate margin of the leaves, 
acute apc-x, subsessile leaves 5-partitc calyx, 
connate anthers, 2-celled ovary, capsular fruit 
small ellipsoid and coarsely reticulate seeds ; 
conical and unicellular hairs on stems and leaves, 
latex vessels in phloem of stem and leaf ; upiicr 
ei)idermis of leaf being composed of straight 
walled cells and the lower of wavy walled cells 
with plenty of stomata, lignified pitted paren- 
chyma in the pith of the stem and seed coat of 
seed being composed of yellowish broun poly- 
gonal cells with thick \s»alls. 

A chemical assiiy of the drug revealed that 
alkaloids of ‘Lobeline’ group are present in some 
specimens of this plant in greater strength than tliat 
mentioned in British Pharmacopoeia for f.. injlaia 
Linn. The total alkaloids, calculated as Lobeline was 
found to be I '18 per cent in L. nicoiianeBfoUa Heync 
whereas according to recorded figures it varies from 
0*3 to 0 4 per cent in L, inflaia Linn. The drug con- 
sists of the dried aerial parts of the plant and it 
should not contain more than 60 per cent of stems 
and not more than 2 per cent of other organic matter. 

Adulterant : — An examination of this crude drug 
obtained from dealers of the local market showed 


that it is often adulterated with or substituted 
by another plant Vcrbascum ihapsus Linn. (Fam. 
Scropliulai iacex) . Its presence may l)e dctcctod 
in the .sample by the following characters. 

Stems and leaves densely wooly ; leaves 
oblanceolatc, creiiate ; flowers in spikes ; 
bracts longer than the flowers ; 
stamens 5, fertile, 2 glabrous and 3 with 
white hairs ; fruit capsule ; seeds not 
reticulate ; trichomes are branched and 
multicellular ; glandular hairs 2-celled ; 
epidermal cells strongly undulated ; 
stomata broadly elliptical. 

The plant Vcrbascum thapsus Linn, is known in 
Hindi as **Ban-Tamaku”, a name which is also ai)pli- 
cabic to L, 9 nicotianiF folia Heync. This plant {V. 
thapsus I^.) apparently does not contain the ‘Lobeline* 
group of alkaloids in adequate proportions and as 
.such the plant can never be i^roposed as a substitute 
for the B. P. drug L, inflaia Linn, when nicoliantc- 
foloa lleyiie will fit in as a suitable substitute. 

We are indebted to Messrs. Bengal Immunity 
Co., Ltd., for providing ns the necessary funds for 
carrying on this work and to Dr B. ^Iiikhcrjec, D.Sc., 
M.D., F.N.r., Director, Biochemical Standardisation 
T.aboratory, who kindly carried on the chemical in- 
vestigation of the plants. 

The details of the paper will be published else- 
where. 

S. C. Daita 
vS. N. Bal 

Pharmacognosy Kcsearch Laboratory, 

Industrial Section, Indian ^ruscum, 

Calcutta, 2-9-1Q44. 

' The British Ph.irtiiacoixxMn, IW2. 

* .\ text book of Diariis.ni'ogiio'iy by Treiise, 1938, J^otidoti. 

* Phannaiognosv by (k-ilherroal & Wirlli, 1936, Ik S. A. 

* The Plant Alffaloids by lliniry, 1939, IfOmloii. 

■' riora of British hulia by Hooker. 


ASSAY OF ‘ENTERO-VIOFORM* 

“KnturoVioform** containing iodo-chloro- 
hydroxy-quinoline as the main therapeutic substance 
is being locally prepared and standardised according 
to the method described in the New and Non-Official 
Remedies (1941 Fdition) as modified by Pal and 
Ciulia.* But the recovery of iodine and chlorine from 
the tablets of various brands of the drug, or, from 
pure iodoclilorohydroxy-quinqline itself, is^ not being 
found to be according to the N.N.R. requirements. 

lodochlorohydroxy-quinoline is a pure organic 
compound separating from glacial acetic acid in fine 
crystalline greyi.sh-ycllow needles, m.p. 177-178^0 
(iincorrected). As such there is no reason why its 
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halogen contents could not be rigidly ascertained. A 
method was, accordingly, been devised in this labora- 
tory by which the percentage of iodine as well as 
chlorine could be accurately determined. This con- 
sists in first finding out the total halides in the form 
of their silver salts as usual, and subsequently estimat- 
ing the percentage of iodine separately by the method 
of Pearl,® slightly modified. The percentage of 
chlorine can be easily calculated out by substracting 
the latter value of iodine from that of the total halides 
obtained as silver salts. The result of analysis from 
the average of three samples is being recorded in 
the table below — 


Substance 


Iodine 

% 

C|)lorine % 

Pound 

Theory 

N.N.R. 

value 

jpound 

Thcoiy 

N.R,R. 

value 

Powder 

39-77 

41*57 

.37*5 lo 
41*5 

11-38 

11-62 

11-5 to 
12-2 


The details of the work will be published el.se- 
whe^e. 

My best thanks are due to Dr T. N. Ghosh for 
his interest and Dr U. P. Basu for his suggestions in 
this work. 

S. L. Laskar 

Bengal Immunity Research Laboratory, 

Calcutta, 4-9-1944. 

* ScxitNCK AND CuiTUKK, 8, 496, 1943. 

*Jouf. Biol. Chem., 148, 85, 1943. 


AMINOMETHYL BENZENE SUUPHONAMIDE IN THE 
CHEMOTHERAPY OF VIBRIO CHOLEREA 

Rkcknti.y^ /^-aininomethyl benzene sulphonaniide 
has been recorded to be a very useful drug in the 
treatment of infected wounds particularly for highly 
purulent cases of chronic sepsis. Work has also been 
in progress in this laboratory with the activity of this 
compound against various bacterial infections. The 
compound that is being used is its soluble hydro- 
chloride* m.p, 250^. l^his was prepared from its 
acetyl derivative which again separates from water in 
fine prismatic needles, m.p. 175'®. 

The compound is being found to be definitely 
bacteriostatic against vibrio cholcrae (types: Inaba 
and Ogawa). In a concentration of t in 10,000, it 
prevents the growth of the organisms in a medium 
made up of a glucose-phosphate-peptone broth. The 
medium is allowing a free growth of the test 
organisms. The drug is also somewhat effective 
against strains of Bacterium Flexneri and Bacterium 


Typhosum. The speciality of p-araino methyl 
benzene sulphonamide is, however, being more 
noticed in its characteristic power of inhibiting the 
growth of V. cholerae even in presence of :^-amino- 
benzoic acid at a concentration as high as 20 fig. per 
c.c. The activity of the other sulpha-drugs like sul- 
phaguanidine, sulphathiazole and sulphap3nridine, 
was being inhibited under similar conditions even 
when the concentration of /’-amino benzoic acid was 
so low as 0*05 fig. per c.c. 

It would be of interest to see whether this pro- 
mising tn vitro results can also be obtained in cases 
of cholera infections in man. 

U. P. Basu 
P. N. Skn Gupta 
J. SiKDER 

Bengal Immunity Research Laboratory, 

Calcutta, 4-9-1944. 

' Mitchell, Lancet, 1, 1944. 

* Miller, et al, Jour. Amcr. Chem. Soc., 62, 2099, 1940. 


STUDIES ON PARALYTIC ILEUS 

Paralytic ileus means loss of motor activity of 
the gastro-intestinal tract. The patients in such con- 
dition rapidly develop anhydracmia, hypochloraeraia, 
hyjK)protoenimia, azotoemia and disturbances in acid- 
base equilibrium in blood. The present author has 
critically studied the changes in pH i.e., disturbances 
in acid-base equilibrium in blood with a large number 
of patients suffering from the disea.ses giving rise to 
paralytic ileus. It has been found that patients in 
such cases develop a base deficiency in alkalotic blood 
and the changes thus produced in blood initiate 
paralytic ileus and its progress, as well as damage the 
kidney resulting in azotoemia. Thus, it has been 
possible to find out the cause of paralytic ileus and 
also “why in cases of paralytic ileus azotoemia 
develops”, which were hitherto unexplained. 

Further work is in progress, the details of which 
will be published elsewhere. 

The author offers his best thanks to Col. F. J. 
Anderson, Professor of Surgery, Medical College, 
Calcutta and Dr J. C. Gupta, School of Tropical 
Medicine, Calcutta for their kind encouragement. 

Sarashx Ramj.an Mukherjeb 
Prince of Wales Hospital, 

Medical College, 

Calcutta,' 7-10-1944. 
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SPONTANEOUS EMISSION OF NEUTRONS FR<»I 
URANIUM 

SoicsTiMH ago an investigation was undertaken in 
our laboratory for the detection of slow neutrons and 
slow protons produced in lead by highly energetic 
cosmic rays, with the help of a large proportional 
counter lined with baron and filled with CH4. It 
was incidentally observed that the back ground count 
slightly increased when layers of U5O* were kept in 
the immediate neighbourhood of the counter which 
was kept within a paraffin enclosure. It was sur- 
mised to be due to emission of neutron /proton from 
uranium because a strong source of y rays did not 
affect the back ground count. As the increase in 
count was slight, not much attention was given to 
it. In view of our recent experiment on the "sponta- 
neous fission of uranium",* it was con.sidcred worth- 
while to look for neutrons which are usually emitted 
during such proces.ses. 

A small proportional counter was made from a 
brass tube 5 cms., in diameter and 15 cins. in length. 
I'he end pieces were made of ebonite with amber 
plugs and usual guard rings ; a fine tungsten wire 
was .stretched along the axis of the tube. The inside 
surface was coated with a thin layer (ojo‘t mm.) 
of amorphous boron powder and the counter was filled 
with BFa to a pressure of 50 cms. The efficieticy of 
such a neutron counter, defined as the fraction of a 
flux of neutrons which produces counts, is given by 

£ = (/VAp/ft) Rn<rn + NPa^L (1) 

the first term of the right-hand side denotes the 
efficiency of the neutron counter due to boron lining 
while the second term denotes the efficiency due to 
BFa gas filling, 

where N A=Avogadro*s number. 

p = density of boron. 

fi =at. weight Of boron. 

Rji=ihc range of < -particles in boron. 

N =Loschmidt number. 

P = pressure of BF, in atmospheres. 

crB= capture cross-section of rB*® for thermal 
neutrons. 

L = average path = diameter of the counter 
(approx.). 

Thus the total efficiency of the counter is 0^10 
per cent, each term contributing about 5 per cent to 
the overall efficiency. 

The proportional counter was surrounded with a 
cylindrical double chamber containing UaOg (equiva- 
lent of 800 gms. of uranium). The entire assembly 
wa§ further surrounded with paraffin bricks of 5 cms. 
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thickness. The counting rate was rS± o’a per minute 
above the back ground count of o\^±o*o5 per minute. 
When the paraffin bricks were removed, the counting 
rate nearly dropped down to the back ground level. 
This indicated that neutrons were emitted from the 
uranium source, which after being slowed down by 
scattering in the paraffin bricks produced counts in 
the boron-filled proportional counter lube. 

Assuming that the isotope is solely respon- 
sible for the spontaneous fission i)rocc.ss, and that a 
single neutron is produced during a nuclear fission, 
the above emission of neutrons corresponds to a 
half-life of years. A direct detection of 

fission fragments has yielded a half-life period 
ofr^ro** years. The discrepancy between the two 
values is probably due to the following causes : 

(1) it is known tliat during a uranium nuclear 
fission, more than one neutron is ]>roduced ; this will 
increase the half-life period. 

(2) the proportional counter docs not directly 
measure the number of fast neutrons crossing the 
counter volume, which are emitted by the uranium 
source ; it measures the flux of thermal neiitrpns 
crossing it, produced by the slowing down and the 
scattering of fast neutrons in the surrounding 
paraffin shield. We have not yet been able to deter- 
mine the ratio between the nuinl)er of fast neutrons 
eniitted by the uranium source and the flux of thermal 
neutrons crossing the counter. 

More accurate experiment is in progress. 

The author is indebted to Prof. 1). TM. Bose, 
Director, BovSe Research Iiislilute, for his kind interest 
and helpful suggestions. His thanks are also due to 
Prof. S. N. Bose for valuable discussions. 

S. D. CH.^TT«RJRtt 

Bose Research Institute, 

93 1 Upper Circular Road, 

Calcutta, 7-TI-1944. 

‘S. D. Chatterjee and P. K. Sarkar, Sciknck and Coltukb, 

9 , 560 , 1044 . 


PHOSPHOLIPID METABOLISM IN EXPERIMENTAL 
SCURVY 

It was reported that fatty livers develop in 
guinea pigs fed on a scorbutogenic diet and that 
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daily administration of 20 mg. of cholin had practi- 
cally no effect in preventing deposition of fat in 
livers/ It was surmised that fatty livers of guinea 
pigs in cxperifticntal scurvy might be due to a failure 
in the transport of fat from the livct and that this 
failure is ])rimarily due to decreased synthesis of 
idiospholipids ; because it has been demonstrated 
that (1) phospholipid formation is dependent on tissue 
respiration and that the cytochrome system is inti- 
mately related \vith phospholipid synthesis* ; 
(«) activities of succinic dehydrogenase, which is a 
cytochrome' linked enzyme, and cytochrome oxidase 
of tissues of guinea i)igs maintained on scorbutogcnic 
diet is decreased/ 

In order to test this hypothesis, studies were 
undertaken to compare the composition of the differ- 
ent lipid constituents, principally the phospholipids, 
of various tissues of normal and scorbutic guinea pigs. 
Analysis of the samples were always made 15 — 16 
hours after the ingestion of last meals. 

The experimental results are presented in 
tables I, II and III ; it will be seen that the level of 


Tabix I 


Norniul 


Weight .. 5'9 g 

Totnl liiiid .. 6-25 g% 

Tdtal ‘ pliosplK)* 
lipid 362 ,, 

Neutrsil fat plus 
unsiipdiiiiiahlo 
nintler .. 2-63 

Absolute amount 
of phospholipid , 
in whole gliind |213’58 ing 
Absolute aniount 
of lecithin in 
whole gland .. 136-69 
Absolute amount 
of t'cphalin in 
whole gland .. 59-80 

Absolute amount 
of sphingomye- 
lin in whole 
gland .. .. 1709 


VEK 

Kidney 

Scorbutic 

Normal 

Scorbutic 

7 r. B 

16-6 g% 

1-6 s 
S-75g% 

2-0 g 

7-24 g% 

108 „ 

2*49 „ 

1-54 .. 

14-9 „ 

3-25 

5-69 .. 

128-07 mg 

39-92 mg 

24-75 mg 

551 „ 

20-56 „ 

7*137 „ 

56-2 „ 

13-60 „ 

11-96 

16-70 ,. 

5-76 ,. 

5-645 


(c) cephalin of kidney, intestine, adrenal and erythro- 
cytes and (d) sphingomyelins of erythrocytes ar^ 


Tablb II 



Total 

lipid 

Total 

Phospho- 

lipid 

Neutral 
fat plus 
Unsapo- 
nifiable 
matter 

Cerebro* 

side 

Brain (N)* 

12-54 g% 

6«g% 

4-52 g% 

>•*8% 

.. m 

,, 


If 

• 1 

Plasma (N) 

— 

90-4 mg% 


13-7 mg% 

„ (S) 

— 

81 ‘0 

— 

33-2 ., 

Intestine (N) .. 

2-76 g% 

l-27g% 

\'49g% 


(S!l .. 

2-43 „ 

0-96 ,. 

1*47 ., 

— 

Adrenal (N) 

16-2 .. 

4-2 ., 

120 „ 

— 

.. (S) 

12-8 „ 

2 94 

9-82 „ 

— 

Erythrocvtcs (N1 

— 

100 mg% 


39-8 mg% 

.. (S) 

— 

85 


88-6 


• (N)— Norninl. 
t (S)— Scorbutic. 


TAR1.X III 



Amount per 100 g of brain, intestine 


and adrenal. 



Amount per 

100 cc of plasma and 


erythrocytes. 



Ivecithiii 

Cephalin 

Sphiiigo- 

in.velin 

Brain (N) 

1108-4 tng 

3586-0 mg 

1825-6 ing 

« (S) 

610-0 „ 

190-0 „ 

Intestine (N) 

470-0 .. 

I. (S) .. 

444-0 

330-0 

186-0 

Adrenal (N) .. 

1976 0 „ 

1720-0 „ 

502-0 „ 

(S) .. 

1296 0 „ 

1140-0 „ 

504 0 .. 

Plasma (N) 

41-2 „ 

30-2 „ 

19-0 

„ (S) .. 

32 0 „ 

30-0 „ 

19-0 „ 

Eryhrocytes (N) 

16-0 „ 

62-0 „ 

j 32-0 

1 , (S) 

12-0 .. 

47-0 „ 

i 26-0 .. 

1 


below normal ; (a) cerebrosides of plasma and erythro- 
cytes are above normal. 

The details will be published elsewhere. My 
tlianks are due to Dr B. B. Sircar and Mr P. B. vSen 
for their encouragement and interest. 

The investigation was carried out under the 
auspices of the I^ady Tata Memorial Trust. 

A. Roy 

Department of Physiology, , 

University College of Science and Technology, 
Calcutta, 7-11-1944. 


(a) neutral fat plus iinsaponifiable matter is increased 
several times in scorbutic livers and to a significant 
e.xtciit in the kidney — that of adrenals is lowered ; 

(b) lecithin of all the, organs, excepting b: 


^ellberg and Keeton— Am. /. ^fed. Sci. 200, 688, 1941. 
Taurog, Perlman and Chaikoff— /. Biol. Chem. 145, 281, 
1942; Pries, Schaclmer and Chaikoff—/. Biol. Chem., 
144, 59, 1942; Fishier, Taurog,. Perlman and Chaikoff— 
J. Biol. Chem., 141, 809, 1941. 

* Ilarrer and King — J. Biol. Chem., 139, 111, 1941; Phillips, 
^ Elvehjem— /. Biol. Chem., 106, 41. 1934. 









